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COMPOSITIONS AND METHODS OF USING 
CHONIDROITINASE ABC MUTANTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation application of U.S. appli 
cation Ser. No. 13/543,749, filed Jul. 6, 2012, now U.S. Pat. 
No. 8,852,583, issued Oct. 7, 2014, which is a continuation 
application of U.S. application Ser. No. 12/757,006, filed Jun. 
4, 2010, now U.S. Pat. No. 8,236,302, issued Aug. 7, 2012, 
which is a continuation application of U.S. application Ser. 
No. 12/338,207, filed Dec. 18, 2008, now U.S. Pat. No. 7,731, 
956, issued Jun. 8, 2010, which is a divisional application of 
U.S. application Ser. No. 1 1/527,318, filed Sep. 26, 2006, 
now U.S. Pat. No. 7,485,295, issued Feb. 3, 2009, which 
claims priority from U.S. Provisional Application No. 
60/720,628, filed Sep. 26, 2005; all aforementioned applica 
tions being herein incorporated by reference in their entirety. 

BACKGROUND 

Proteoglycans, major constituents of the extracellular 
matrix, are known to be present in large amounts in glial scar 
tissue and to inhibit recovery following spinal cord injuries 
(Fawcett & Asher, 1999). Enzymes that are capable of digest 
ing glial scar tissue are an important target for the develop 
ment of spinal cord injury (SCI) therapeutics. Chondroitinase 
ABCI (EC 4.2.2.4; cABCI) is a bacterial enzyme that cata 
lyzes the digestion of Sulfated chondroitin and dermatan side 
chains of proteoglycans. This enzyme has been shown to 
promote functional recovery after spinal cord injury (Brad 
bury et al., 2002: Caggiano et al., 2005). 

The spinal cord is made up of nerve fibers. Damage to the 
central nervous system, including the spinal cord, results in a 
loss of function. Depending upon the type of injury to the 
central nervous system, the loss of function may manifest 
itself in loss of sensory, motor or autonomic function or a 
combination thereof. Sensory functions include the ability to 
feel sensations, like pain. Motor functions include the ability 
to Voluntarily move your body. Autonomic functions include 
involuntary body functions, for example the ability to sweat 
and breathe. 
The most common types of spinal cord injuries (SCI) 

include contusions (bruising of the spinal cord) and compres 
sion injuries (caused by prolonged pressure on the spinal 
cord). In contusion and compression injuries, a cavity or hole 
often forms in the center of the spinal cord. Unlike nerve cells, 
or neurons of the peripheral nervous system (PNS), neurons 
of the central nervous system (CNS) do not regenerate after 
injury. 

Spinal cord injury can be characterized by contusion of the 
neural tissue with a resultant decrease or loss of the ability of 
nerve tissue to properly transmit nerve impulses. The usual 
cause is due to an impact injury of some nature, but it may also 
occur during the manipulation of the spinal cord in certain 
Surgical procedures. After a spinal cord injury in the adult 
mammal, the inability of axons to regenerate may lead to loss 
of sensation, loss of motor function and/or loss of autonomic 
function, as well as permanent paralysis. One reason that 
neurons fail to regenerate is their inability to traverse the glial 
scar that develops following a spinal cord injury. The injury 
induced lesion will develop glial scarring, which contains 
extracellular matrix molecules including chondroitin Sulfate 
proteoglycans (CSPGs). CSPGs inhibit nerve tissue growth 
in vitro and nerve tissue regeneration at CSPGs rich regions in 
V1VO. 
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2 
A number of molecules, and specified regions thereof, have 

been implicated in the ability to support the Sprouting of 
neurites from a neuronal cell, a process also referred to as 
neurite outgrowth. The term neurite refers to both axon and 
dendrite structures. The process of Sprouting neurites is 
essential in neural development and regeneration, especially 
after physical injury or disease has damaged neuronal cells. 
Neurites elongate profusely during development both in the 
central and peripheral nervous systems of all animal species. 
This phenomenon pertains to both axons and dendrites. 

Various polypeptides, especially cell adhesion molecules 
(CAMs), have been known to promote neural cell growth. 
While early efforts in this area of research concentrated on the 
adhesion-promoting extracellular matrix protein fibronectin 
(FN), other polypeptides have also been found to promote 
neural growth. For example, U.S. Pat. No. 5,792,743 dis 
closes novel polypeptides and methods for promoting neural 
growth in the CNS of a mammal by administering a soluble 
neural CAM, a fragment thereof, or a Fc-fusion product 
thereof. U.S. Pat. No. 6,313,265 discloses synthetic polypep 
tides containing the pharmacologically active regions of 
CAMS that can be used in promoting nerve regeneration and 
repairin both peripheral nerve injuries as well as lesions in the 
CNS. While helpful, the use of regenerative proteins alone 
may not be sufficient to effect repair of a damaged nervous 
system. 

During approximately the past two decades, knowledge of 
cell adhesion and migration in extracellular matrices (ECMs) 
at the molecular level has expanded rapidly. The action of 
enzymes and other polypeptides which degrade components 
of the extracellular matrix and basement membranes may 
facilitate the events of neural repair by a variety of mecha 
nisms, including the release of bound cytokines and by 
increasing the permeability of the matrix, thereby enhancing 
the mobility of mediator molecules, growth factors and 
chemotactic agents, as well as the cells involved in the healing 
process. For example, U.S. Pat. No. 5,997,863 discloses the 
use of glycosaminoglycans to manipulate cell proliferation 
and promote wound healing. 
Components of the inhibitory CSPGs have been identified 

as the glycosaminoglycans, chondroitin Sulfate (CS) and der 
matan sulfate (DS). Removal of these inhibitory molecules 
would allow neurites to regenerate and reinnervate an area 
after physical injury or disease, as well as to allow for the 
recovery of sensory, motor and autonomic functions. 

Previous studies have found that chondroitinases can lyse 
and degrade CSPGs including, CS and DS. One study found 
that chondroitinase ABC removed glycosaminoglycan 
(GAG) chains in and around lesioned areas of rat CNS in vivo. 
The degradation of GAGS promoted expression of a growth 
associated protein, GAP-43, indicating an increase in the 
ability of treated cells to regenerate. However, this growth 
associated protein is associated with regeneration in periph 
eral, but not central, nerve injuries. 

Chondroitin sulfates (CS) are sulfated polysaccharides in 
linear chains of a repeated dissacharides. They range in 
molecular weight from about 10,000 to over 100,000 Da. 
Chondroitin sulfate substrates exist in different isomers des 
ignated by the appended letters A, B, and C (Hoffman et al., 
1958). The repeating units are composed ofuronic acid (GlcA 
or IdoA) and galactosamine, and are called galactosami 
noglycans, and are one example of the glycosaminoglycans, 
typically abbreviated as GAG. Although these GAG chain 
species have different repeating disaccharide regions, they 
are covalently bound through the so-called linkage region 
tetrasaccharide sequence (see below) to the serine residue in 
the GAG attachment consensus sequence (Glu/Asp-X-Ser 
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Gly) of respective core proteins. Chondroitin A and C sulfates 
(ChS-A, ChS-C) are the most abundant GAGs and are found 
in cartilage, bone and heart valves. Chondroitin B (ChS-B, or, 
alternatively, dermatan Sulfate) is expressed mostly in skin, 
blood vessels, and heart valves. 
When chondroitinase bacterial preparations were charac 

terized against different chondroitin sulfate (ChS) substrates, 
a series of distinct chondroitinases were discovered: Chon 
droitinase AC that degrades mostly chondroitin A (Ch.A) and 
chondroitin C (ChC) (Yamagata et al., 1968), Chondroitinase 
B that degrades chondroitin B (ChB) (Michelacci and Dei 
trich, 1976), Chondroitinase C that acts mostly on ChC 
(MichelacciY M & Dietrich C P 1976) and Chondroitinase 
ABC exhibits specificity against all three substrates—ChS 
A, ChS-B and ChS-C(Yamagata et al., 1968, Michelacci et 
al., 1987). 

SUMMARY OF THE INVENTION 

One aspect of the present invention provides mutants of 
chondroitinase ABCI. 

In preferred embodiments, such chondroitinase ABCI 
mutants exhibit enhanced activity. In other preferred embodi 
ments, such chondroitinase ABCI mutants exhibit enhanced 
resistance to inactivation, including invactivation from UV or 
heat exposure. More preferably, the chondroitinase ABCI 
mutant enzymes are selected from BC6 (SEQID NO:1), BE7 
(SEQ ID NO:2), BF4 (SEQ ID NO:3). In another preferred 
embodiment, the chondroitinase ABCI mutant enzymes are 
selected from BC9 (SEQ ID NO:4), BC7 (SEQ ID NO:5), 
RD4 (SEQID NO:6) and BE11 (SEQID NO: 7). 

Another embodiment of the present invention is a method 
of designing mutants of chondroitinase ABCI having altered 
activity. 

Other embodiments of the present invention relate to meth 
ods for promoting neurological functional recovery, includ 
ing sensory, motor and autonomic function, after central ner 
vous system (“CNS) injury or disease. 

Further embodiments relate to methods of promoting neu 
ronal outgrowth and the use in treating spinal cord injuries 
and related disorders of the CNS by administering such chon 
droitinase ABCI mutants. 

DESCRIPTION OF THE DRAWINGS 

In part, other aspects, features, benefits and advantages of 
the embodiments of the present invention will be apparent 
with regard to the following description, appended claims and 
accompanying drawings where: 

FIG. 1 is a bar graph of the chondroitin lyase activity of 
wild-type, not-inactivated chondroitinase ABCI (normal), 
wild-type, inactivated (No Enz) and chondroitinase ABCI 
mutant enzymes of the present invention following UV expo 
SUC. 

FIG. 2 is a bar graph of the chondroitin lyase activity of 
wild-type, not-inactivated chondroitinase ABCI (normal), 
wild-type, inactivated (No Enz) and chondroitinase ABCI 
mutant enzymes of the present invention. 

DETAILED DESCRIPTION 

Before the present compositions and methods are 
described, it is to be understood that this invention is not 
limited to the particular molecules, compositions, method 
ologies or protocols described, as these may vary. It is also to 
be understood that the terminology used in the description is 
for the purpose of describing the particular versions or 
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4 
embodiments only, and is not intended to limit the scope of 
the present invention which will be limited only by the 
appended claims. 

It must also be noted that as used herein and in the 
appended claims, the singular forms “a”, “an', and “the 
include plural reference unless the context clearly dictates 
otherwise. Thus, for example, reference to a “cell' is a refer 
ence to one or more cells and equivalents thereof known to 
those skilled in theart, and so forth. Unless defined otherwise, 
all technical and Scientific terms used herein have the same 
meanings as commonly understood by one of ordinary skill in 
the art. Although any methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of embodiments of the present invention, the 
preferred methods, devices, and materials are now described. 
All publications mentioned herein are incorporated by refer 
ence. Nothing herein is to be construed as an admission that 
the invention is not entitled to antedate such disclosure by 
virtue of prior invention. 
As used herein, the term “about” means plus or minus 10% 

of the numerical value of the number with which it is being 
used. Therefore, about 50% means in the range of 45%-55%. 

Administering when used in conjunction with a thera 
peutic means to administer a therapeutic directly into or onto 
a target tissue or to administer a therapeutic to a patient 
whereby the therapeutic positively impacts the tissue to 
which it is targeted. Thus, as used herein, the term “adminis 
tering, can include, but is not limited to, providing an 
enzyme into the CNS or onto the target tissue; providing an 
enzyme systemically to a patient by, e.g., intravenous injec 
tion whereby the therapeutic reaches the target tissue; pro 
viding an enzyme in the form of the encoding sequence 
thereof to the target tissue (e.g., by So-called gene-therapy 
techniques). 'Administering a composition may be accom 
plished by injection, topical administration, or by either 
method in combination with other known techniques. 
The term “animal' as used herein includes, but is not lim 

ited to, humans and non-human vertebrates Such as wild, 
domestic and farm animals. 
The term “improves” is used to convey that the present 

invention changes either the appearance, form, characteristics 
and/or the physical attributes of the target to which it is being 
provided, applied or administered. The change may be dem 
onstrated by any of the following alone or in combination, 
including degradation of the CSPGs of the lesioned area of 
the spinal cord or within the CNS or restoring, in whole or in 
part, motor, sensory or autonomic function of the mammal. 
The term “inhibiting includes the administration of a 

compound of the present invention to prevent the onset of the 
symptoms, alleviating the symptoms, or eliminating the dis 
ease, condition or disorder. 
By “pharmaceutically acceptable', it is meant the carrier, 

diluent or excipient must be compatible with the other ingre 
dients of the formulation and not deleterious to the recipient 
thereof. 
The term “recombinant protein’ refers to a polypeptide of 

the present invention which is produced by recombinant DNA 
techniques, wherein generally, DNA encoding a polypeptide 
is inserted into a suitable expression vector which is in turn 
used to transform a host cell to produce the protein. Moreover, 
the phrase “derived from, with respect to a recombinant 
gene, is meant to include within the meaning of “recombinant 
protein’ those proteins having an amino acid sequence of a 
native protein, or an amino acid sequence similar thereto 
which is generated by mutations including Substitutions and 
deletions (including truncation) of a naturally occurring form 
of the protein. 
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As used herein, the term “therapeutic' means an agent 
utilized to treat, combat, ameliorate, prevent or improve an 
unwanted condition or disease of a patient. In part, embodi 
ments of the present invention are directed to the treatment of 
the central nervous system, such as degradation of the CSPGs 
of the lesioned area of the spinal cord or within the CNS or 
restoration, in whole or in part, motor, sensory or autonomic 
function of the mammal. 
The terms “therapeutically effective amount’ or “effective 

amount', as used herein, may be used interchangeably and 
refer to an amount of a therapeutic compound component of 
the present invention. For example, atherapeutically effective 
amount of a therapeutic compound is a predetermined 
amount calculated to achieve the desired effect, i.e., to effec 
tively treat an injury to the central nervous system. For 
example, a therapeutic compound comprising a therapeuti 
cally effective amount of chondroitinase which may be puri 
fied by a method of the present invention and formulated to 
provide a stable, active enzyme, is Sufficient to degrade the 
CSPGs of the lesioned area of the spinal cord or an amount 
Sufficient to restore, in whole or in part, motor, sensory or 
autonomic function of the mammal and may resultina regen 
eration of neurons in a central nervous system, such as by 
promoting axonal growth into an injured area. 
The terms “treat,” “treated,” or “treating as used herein 

refers to both therapeutic treatment and prophylactic or pre 
ventative measures, wherein the object is to prevent or slow 
down (lessen) an undesired physiological condition, disorder 
or disease, or to obtain beneficial or desired clinical results. 
For the purposes of this invention, beneficial or desired clini 
cal results include, but are not limited to, alleviation of symp 
toms; diminishment of the extent of the condition, disorder or 
disease; stabilization (i.e., not worsening) of the state of the 
condition, disorder or disease; delay in onset or slowing of the 
progression of the condition, disorder or disease; ameliora 
tion of the condition, disorder or disease state; and remission 
(whether partial or total), whether detectable or undetectable, 
or enhancement or improvement of the condition, disorder or 
disease. Treatment includes eliciting a clinically significant 
response without excessive levels of side effects. Treatment 
also includes prolonging Survival as compared to expected 
Survival if not receiving treatment. 
The term “vector” refers to a vehicle which can transport 

the nucleic acid molecules. The nucleic acid molecules 
encoding the chondroitinase polypeptide are covalently 
linked to the vector nucleic acid. With this aspect of the 
invention, the vector can be a plasmid, single or double 
stranded phage, a single or double stranded RNA or DNA 
viral vector, or artificial chromosome, such as a BAC, PAC, 
YAC, OR MAC. 

Chondroitinase may be obtained from a microorganism 
that naturally expresses a chondroitinase; for example, but not 
limited to, E. coli, Proteus vulgaris or from the expression of 
a recombinant protein in a host cell. The host cell can be a 
prokaryotic cell (such as E. coli) or a eukaryotic cell (such as 
yeast, a mammalian cell or an insect cell). 

The nucleotide sequence of chondroitinase ABCI is set 
forth as SEQ ID NO. 8 and the amino acid sequence of 
chondroitinase ABCI is set forth as SEQID NO. 9. 
One aspect of the present invention provides mutants of 

chondroitinase ABCI. In a preferred embodiment, the chon 
droitinase ABCI mutant enzymes are selected from BC6 
(SEQ ID NO:1), BE7 (SEQID NO:2), BF4 (SEQID NO:3). 
In another preferred embodiment, the chondroitinase ABCI 
mutant enzymes are selected from BC9 (SEQID NO:4), BC7 
(SEQ ID NO:5), RD4 (SEQ ID NO:6) and BE11 (SEQ ID 
NO: 7). 
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Such enzymes may be formulated into pharmaceutical 

compositions and formulations. Suitable stable formulations 
and methods of purification are set forth in co-pending PCT 
Application No. US2005/017464 filed May 18, 2005 entitled 
“Methods of Purifying Chondroitinase and Stable Formula 
tions Thereof herein incorporated by reference in its entirety. 
One aspect of the present invention provides mutants of 

chondroitinase ABCI. In preferred embodiments, such chon 
droitinase ABCI mutants exhibit enhanced activity. 

In other preferred embodiments, such chondroitinase 
ABCI mutants exhibit enhanced resistance to inactivation. 
More preferably, the chondroitinase ABCI mutant enzymes 
are selected from BC6 (SEQID NO:1), BE7 (SEQID NO:2), 
BF4 (SEQID NO:3). In another preferred embodiment, the 
chondroitinase ABCI mutant enzymes are selected from BC9 
(SEQID NO:4), BC7 (SEQID NO:5), RD4 (SEQID NO:6) 
and BE11 (SEQID NO: 7). 

Another embodiment of the present invention is a method 
of designing mutants of chondroitinase ABCI having altered 
activity. The method comprises altering the nucleotide 
sequence or amino acid sequence of chondroitinase ABCI. 
expressing the chondroitinase ABCI in a suitable vector and 
measuring the activity of the mutant enzyme. 

In a further embodiment, a stable chondroitinase ABCI 
enzyme is provided. The enzyme may exhibit increased resis 
tance to inactivation under stressed conditions, including 
exposure to UV light or heat. In a preferred embodiment, the 
enzyme exhibits increased stability compared to wild-type 
chondroitinase ABCI enzyme following a challenge by a 
StreSS. 

A further embodiment of the present invention is a method 
of treating central nervous system injuries comprising admin 
istering a chondroitinase ABCI mutant enzyme. In preferred 
embodiments, the chondroitinase ABCI mutant enzyme is 
administered in a therapeutically effective amount. In a pre 
ferred embodiment, the chondroitinase ABCI mutant enzyme 
is selected from the group consisting of BC6 (SEQID NO: 1), 
BE7 (SEQ ID NO:2), BF4 (SEQ ID NO:3), BC9 (SEQ ID 
NO:4), BC7 (SEQID NO:5), RD4 (SEQID NO:6) and BE11 
(SEQ ID NO: 7), more preferably, the enzyme is selected 
from the group consisting of BC6 (SEQID NO:1), BE7 (SEQ 
ID NO:2), and BF4 (SEQ ID NO:3). Such central nervous 
system injuries may include, but are not limited to, spinal cord 
injuries. 

Another embodiment of the present invention is a method 
promoting neuronal outgrowth comprising administering a 
chondroitinase ABCI mutant enzyme. In preferred embodi 
ments, the chondroitinase ABCI mutant enzyme is adminis 
tered in a therapeutically effective amount. In a preferred 
embodiment, the chondroitinase ABCI mutant enzyme is 
selected from the group consisting of BC6 (SEQ ID NO:1), 
BE7 (SEQ ID NO:2), BF4 (SEQ ID NO:3), BC9 (SEQ ID 
NO:4), BC7 (SEQID NO:5), RD4 (SEQID NO:6) and BE11 
(SEQ ID NO: 7), more preferably, the enzyme is selected 
from the group consisting of BC6 (SEQID NO:1), BE7 (SEQ 
ID NO:2), and BF4 (SEQ ID NO:3). 

Other embodiments of the present invention relate to meth 
ods for promoting neurological functional recovery after cen 
tral nervous system (“CNS) injury or disease. In preferred 
embodiments, the chondroitinase ABCI mutant enzyme is 
administered in a therapeutically effective amount. In par 
ticular, the present invention is directed to a method of utiliz 
ing chondroitinase to promote sensory, motor or autonomic 
neurological functional recovery following injury in or to the 
spinal cord. Compositions useful in this method include 
acceptable formulations of chondroitinase, more particularly 
Sustained release formulations of chondroitinase. The present 
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invention is also directed to a method of promoting neuro 
logical functional recovery after a contusion injury to the 
spinal cord. The most common types of spinal cord injuries 
(SCI) include contusions (bruising of the spinal cord) and 
compression injuries (caused by pressure on the spinal cord). 
In contusion injuries, the most common type of injury, a 
cavity or hole often forms in the center of the spinal cord. 
The treatments of the present disclosure deliver an effec 

tive amount of the mutant or other optional therapeutic agent 
to the CNS or the injured site of the CNS. Such methods may 
include optionally administering other chondroitin Sulfate 
proteoglycans, including, but not limited to chondroitinase 
ABC, chondroitinase ABC, in chondroitinase AC and 
chondroitinase B or mammalian enzymes with chondroiti 
nase-like activity such as Hyal1, Hyal2, Hyal3, and Hyal4, 
preferably to the CNS, and more preferably to the lesions of 
the injured area of the CNS. 
As is known in the art, chondroitinase polypeptides can be 

produced by standard biological techniques or by chemical 
synthesis. For example, a host cell transfected with a nucleic 
acid vector directing expression of a nucleotide sequence 
encoding the Subject polypeptides can be cultured under 
appropriate conditions to allow expression of the peptide to 
occur. The chondroitinase polypeptide may be secreted and 
isolated and from a mixture of cells and medium containing 
the recombinant chondroitinase polypeptide. Aspects of the 
invention described herein provide purification methods 
wherein the chondroitinase is isolated in a pure form that is 
more stable and active then those methods currently used. 

Alternatively, the peptide may be retained cytoplasmically 
by removing the signal peptide sequence from the recombi 
nant chondroitinase gene and the cells harvested, lysed and 
the protein isolated by the purification methods described 
herein. 

Chondroitinase may be administered topically, locally or 
systemically. Topical or local administration is preferable for 
greater control of application. The chondroitinases, singu 
larly or in combination, can be mixed with an appropriate 
pharmaceutical carrier prior to administration. Examples of 
generally used pharmaceutical carriers and additives are con 
ventional diluents, binders, lubricants, coloring agents, dis 
integrating agents, buffer agents, isotonizing fatty acids, iso 
tonizing agents, preservants, anesthetics, Surfactants and the 
like, and are known to those skilled in the art. Specifically 
pharmaceutical carriers that may be used are dextran, 
Sucrose, lactose, maltose, Xylose, trehalose, mannitol, Xylitol, 
Sorbitol, inositol, serum albumin, gelatin, creatinine, polyeth 
lene glycol, non-ionic Surfactants (e.g. polyoxyethylene Sor 
bitan fatty acid esters, polyoxyethylene hardened castor oil, 
Sucrose fatty acid esters, polyoxyethylene polyoxypropylene 
glycol) and similar compounds. Pharmaceutical carriers may 
also be used in combination, such as polyethylene glycol 
and/or Sucrose, or polyoxyethylene Sorbitan fatty acid esters, 
polyoxyethylene sorbitan monooleate (20 E. O.) is particu 
larly preferred. 
A treatment regimen according to the invention may be 

carried out by a means of administering a mutant chondroiti 
nase ABCI enzyme of the present invention. The treatment 
regiment may further comprise administering chondroitinase 
ABCII, chondroitinase AC and chondroitinase B or mamma 
lian enzymes with chondroitinase-like activity Such as Hyall, 
Hyal2, Hyal3, Hyal4 and PH2O to the lesions of the injured 
area of the CNS. The mode of administration, the timing of 
administration and the dosage are carried out such that the 
functional recovery from impairment of the CNS is enhanced 
by the promotion of neurite outgrowth. 
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8 
The effective amount of chondroitinase can be adminis 

tered in a single dosage, two dosages or a plurality of dosages. 
Although it is to be understood that the dosage may be admin 
istered at any time, in one embodiment, the dosage is admin 
istered within 12 hours after injury, or as soon as is feasible. 
In another embodiment, the dosage is administered to an 
injured mammal in one, two or a plurality of dosages; Such 
dosages would be dependant on the severity of the injury and 
the amount of CSPGs present in the glial scarring. Where a 
plurality of dosages is administered, they may be delivered on 
a daily, weekly, or bi-weekly basis. The delivery of the dos 
ages may be by means of catheter or syringe. Alternatively, 
the treatment can be administered during Surgery to allow 
direct application to the glial scar. 

For example, in some aspects, the invention is directed to a 
pharmaceutical composition comprising a compound, as 
defined above, and a pharmaceutically acceptable carrier or 
diluent, or an effective amount of a pharmaceutical compo 
sition comprising a compound as defined above. 
The compounds of the present invention can be adminis 

tered in the conventional manner by any route where they are 
active. Administration can be systemic, topical, or oral. For 
example, administration can be, but is not limited to, 
parenteral, Subcutaneous, intravenous, intramuscular, intrap 
eritoneal, transdermal, oral, buccal, or ocular routes, or intra 
vaginally, by inhalation, by depot injections, or by implants. 
Thus, modes of administration for the compounds of the 
present invention (either alone or in combination with other 
pharmaceuticals) can be, but are not limited to, Sublingual, 
injectable (including short-acting, depot, implant and pellet 
forms injected subcutaneously or intramuscularly), or by use 
of Vaginal creams, Suppositories, pessaries, Vaginal rings, 
rectal Suppositories, intrauterine devices, and transdermal 
forms such as patches and creams. 

Specific modes of administration will depend on the indi 
cation. The selection of the specific route of administration 
and the dose regimen is to be adjusted or titrated by the 
clinician according to methods known to the clinician in order 
to obtain the optimal clinical response. The amount of com 
pound to be administered is that amount which is therapeuti 
cally effective. The dosage to be administered will depend on 
the characteristics of the Subject being treated, e.g., the par 
ticular animal treated, age, weight, health, types of concurrent 
treatment, if any, and frequency of treatments, and can be 
easily determined by one of skill in the art (e.g., by the 
clinician). 

Pharmaceutical formulations containing the compounds of 
the present invention and a Suitable carrier can be solid dosage 
forms which include, but are not limited to, tablets, capsules, 
cachets, pellets, pills, powders and granules; topical dosage 
forms which include, but are not limited to, Solutions, pow 
ders, fluid emulsions, fluid Suspensions, semi-solids, oint 
ments, pastes, creams, gels and jellies, and foams; and 
parenteral dosage forms which include, but are not limited to, 
Solutions, Suspensions, emulsions, and dry powder, compris 
ing an effective amount of a polymer or copolymer of the 
present invention. It is also known in the art that the active 
ingredients can be contained in Such formulations with phar 
maceutically acceptable diluents, fillers, disintegrants, bind 
ers, lubricants, Surfactants, hydrophobic vehicles, water 
soluble vehicles, emulsifiers, buffers, humectants, moisturiz 
ers, solubilizers, preservatives and the like. The means and 
methods for administration are known in the art and an artisan 
can refer to various pharmacologic references for guidance. 
For example, Modern Pharmaceutics, Banker & Rhodes, 
Marcel Dekker, Inc. (1979); and Goodman & Gilman's The 
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Pharmaceutical Basis of Therapeutics, 6th Edition, Mac 
Millan Publishing Co., New York (1980) can be consulted. 
The compounds of the present invention can beformulated 

for parenteral administration by injection, e.g., by bolus 
injection or continuous infusion. The compounds can be 5 
administered by continuous infusion Subcutaneously over a 
period of about 15 minutes to about 24 hours. Formulations 
for injection can be presented in unit dosage form, e.g., in 
ampoules or in multi-dose containers, with an added preser 
Vative. The compositions can take Such forms as Suspensions, 
Solutions or emulsions in oily or aqueous vehicles, and can 
contain formulatory agents such as Suspending, stabilizing 
and/or dispersing agents. 

For oral administration, the compounds can be formulated 
readily by combining these compounds with pharmaceuti 
cally acceptable carriers well known in the art. Such carriers 
enable the compounds of the invention to be formulated as 
tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, 
Suspensions and the like, for oral ingestion by a patient to be 20 
treated. Pharmaceutical preparations for oral use can be 
obtained by adding a solid excipient, optionally grinding the 
resulting mixture, and processing the mixture of granules, 
after adding suitable auxiliaries, if desired, to obtaintablets or 
dragee cores. Suitable excipients include, but are not limited 25 
to, fillers such as Sugars, including, but not limited to, lactose, 
Sucrose, mannitol, and Sorbitol; cellulose preparations such 
as, but not limited to, maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcel- 30 
lulose, and polyvinylpyrrolidone (PVP). If desired, disinte 
grating agents can be added, such as, but not limited to, the 
cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a 
salt thereof Such as sodium alginate. 

Dragee cores can be provided with suitable coatings. For 35 
this purpose, concentrated Sugar Solutions can be used, which 
can optionally contain gum arabic, talc, polyvinyl pyrroli 
done, carbopol gel, polyethylene glycol, and/or titanium 
dioxide, lacquer Solutions, and Suitable organic solvents or 
Solvent mixtures. Dyestuffs or pigments can be added to the 40 
tablets or dragee coatings for identification or to characterize 
different combinations of active compound doses. 

Pharmaceutical preparations which can be used orally 
include, but are not limited to, push-fit capsules made of 
gelatin, as well as Soft, sealed capsules made of gelatin and a 45 
plasticizer, such as glycerol or Sorbitol. The push-fit capsules 
can contain the active ingredients in admixture with filler 
Such as, e.g., lactose, binders such as, e.g., starches, and/or 
lubricants such as, e.g., talc or magnesium Stearate and, 
optionally, stabilizers. In soft capsules, the active compounds 50 
can be dissolved or Suspended in Suitable liquids, such as fatty 
oils, liquid paraffin, or liquid polyethylene glycols. In addi 
tion, stabilizers can be added. All formulations for oral 
administration should be in dosages suitable for Such admin 
istration. 55 

For buccal administration, the compositions can take the 
form of, e.g., tablets or lozenges formulated in a conventional 
a. 

For administration by inhalation, the compounds for use 
according to the present invention are conveniently delivered 60 
in the form of an aerosol spray presentation from pressurized 
packs or a nebulizer, with the use of a suitable propellant, e.g., 
dichlorodifluoromethane, trichlorofluoromethane, dichlo 
rotetrafluoroethane, carbon dioxide or other suitable gas. In 
the case of a pressurized aerosol the dosage unit can be 65 
determined by providing a valve to deliver a metered amount. 
Capsules and cartridges of, e.g., gelatin for use in an inhaleror 
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insufflator can be formulated containing a powder mix of the 
compound and a suitable powder base such as lactose or 
starch. 
The compounds of the present invention can also be for 

mulated in rectal compositions such as Suppositories or reten 
tion enemas, e.g., containing conventional Suppository bases 
Such as cocoa butter or other glycerides. 

In addition to the formulations described previously, the 
compounds of the present invention can also be formulated as 
a depot preparation. Such long acting formulations can be 
administered by implantation (for example Subcutaneously or 
intramuscularly) or by intramuscular injection. 

Depot injections can be administered at about 1 to about 6 
months or longer intervals. Thus, for example, the com 
pounds can be formulated with suitable polymeric or hydro 
phobic materials (for example as an emulsion in an acceptable 
oil) or ion exchange resins, or as sparingly soluble deriva 
tives, for example, as a sparingly soluble salt. 

In transdermal administration, the compounds of the 
present invention, for example, can be applied to a plaster, or 
can be applied by transdermal, therapeutic systems that are 
consequently Supplied to the organism. 

Pharmaceutical compositions of the compounds also can 
comprise Suitable solid or gel phase carriers or excipients. 
Examples of Such carriers or excipients include but are not 
limited to calcium carbonate, calcium phosphate, various 
Sugars, starches, cellulose derivatives, gelatin, and polymers 
Such as, e.g., polyethylene glycols. 
The compounds of the present invention can also be admin 

istered in combination with other active ingredients, such as, 
for example, adjuvants, protease inhibitors, or other compat 
ible drugs or compounds where such combination is seen to 
be desirable or advantageous in achieving the desired effects 
of the methods described herein. 
The following methods are used to illustrate the various 

embodiments of the present invention. The methods are 
exemplary methods and are not meant to limit the invention. 

Example 1 

The present example illustrates exemplary chondroitinase 
mutant enzymes of the present invention. All nucleotide and 
amino acids are indicated as the wild-type and then the mutant 
version (Wild-type to Mutant). 

Mutant ABCI Nucleotide Amino Acid 
enzyme Sequence Sequence 

BC6 (SEQ ID NO. 1) T12O6 to C12O6 E403 to G403 
C1114 to A1114 W372 to C37.2 

BE7 (SEQID NO. 2) G1925 to T1925 S642 to I642 
T2226 to G2226 I742 to M742 

BF4 (SEQID NO. 3) T2160 to A2160 N720 to K72Oe 
BC9 (SEQ ID NO. 4) G1238 to A1238 S413 to N413 
BC7 (SEQ ID NO. 5) A1468 to G1468 K490 to E490 
RD4 (SEQID NO. 6) T1661 to A1661 LSS4 to HSS4 
BE11 (SEQID NO. 7) A1901 to T1901 D634 to V634 

C1935 to T1935 (in wobble 
position of codon- does not 
result in AA change) 

Example 2 

The present example illustrates the chondroitin lyase activ 
ity of exemplary chondroitinase ABCI mutants according to 
the present invention following UV exposure. Mutant chon 
droitinase ABIC genese were generated and transformed into 
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bacteria. Bacteria were grown and the mutagenized chon 
droitinase expressed. The chondroitinase were then exposed 
to UV light and their chondroitin lyase activity measured. As 
depicted in FIG. 1, clone BC6 (SEQID NO:1), BE7 (SEQID 
NO:2) and BF4 (SEQID NO:3) exhibited greater chondroitin 
lyase activity following exposure to UV light as compared to 
control. 

Example 3 

The present example illustrates the chondroitin lyase activ 
ity of exemplary chondroitinase ABCI mutants according to 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 9 

<21 Oc 
<211 
<212> 
<213> 
<22 Os 
<223> 

SEO ID NO 1 
LENGTH 1027 
TYPE PRT 
ORGANISM: Artificial 
FEATURE; 
OTHER INFORMATION: Chondroitinase ABCI 

<4 OOs SEQUENCE: 1 

Ala Thir Ser Asn. Pro 
1. 5 

Ala Phe Asp Pro Lys Asn Lieu 
1O 

Ile Phe 
2O 

Ala Glin Pro Leu Ala 
25 

Tyr His ASn Asn Asp 

Ile Thir Ser Ser 
4 O 

Ser Luell Luell 
35 

Asn Asp Arg 
45 

Glin Ser 
60 

Ser Lieu. Luell Ser 
SO 

Trp Llys Trp 
55 

Gly Gly 

Ile Wall Thir Glu Ala Pro Ser 
70 

Lys Lell 
65 

Asp 

Thr Pro Wall Phe Ser Phe Luell 
85 

Arg Ser Ser Trp 
90 

Ile Thir Ile Phe 
105 

Asp Gly Tyr Lieu. Glu Asp Gly 

Glu Ala 
115 

Ser Glin Ala Gly Phe Llys Val Luell 
12O 

Asp 

Thir 
13 O 

Wall Wall Glu 
14 O 

Luell Asn. Asn Luell 
135 

Arg Gly Ser Asp 

Thir 
145 

Ala Thir Asn. Thir Ser Ser Thir 
15 O 

Lieu. Asn Asp Gly 
155 

Gly Ala Wall Ser Ile 
17 O 

Arg Ser Lieu. Gly 
1.65 

Asp Arg 

Wall Ser Glin Glu Ile Ile 
18O 

Ser Asn Gly Tyr 
185 

Asp Arg 

Val Asp Asp Ala Glin Ser Glin 
195 

Arg Tyr Trp 
2 OO 

Asp 

Glu Glu Ile Glin 
215 

Ser Pro Phe His Asn. Wall 
210 

Luell Lys 
22 O 

Wall 
225 

Thir Glu Ala Ala Ile Lieu. Ile 
235 

Luell 

23 O 
Pro Asn Asp 

Ile Glu Phe Wall 
245 

Glu Glu 
25 O 

Asn Gly Gly Thir Asn 

Glu Ile Ser Luell Ser Phe Ala 
26 O 

Asn Lys Asp 
265 

Asp 

Met 

Phe 

Ile 

Phe 

Asn 

Luell 

Phe 
125 

Asn 

Glin 

Phe 

Ile 

Wall 

Pro 

Arg 

Luell 

Luell 

10 

Glin 

Ser 

12 
the present invention. The chondroitinase lyase activity of 
Clone BC9, Clone BC7, Clone RD4 and Clone BE11 under 
normal (i.e., non-stressed) conditions was measured and 
exhibited decreased activity as compared to control an wild 
type chondroitinase ABCI, as depicted in FIG. 2. 

Although the present invention has been described in con 
siderable detail with reference to certain preferred embodi 
ments thereof, other versions are possible. Therefore the spirit 
and scope of the appended claims should not be limited to the 
description and the preferred versions contained within this 
specification. 

Ser Glu 
15 

Ser Asp 
3 O 

Met 

Thir 

Ala 

Glu 

le 

Gly Asn 

Lieu. His 

Trp Gly 
8O 

Llys Pro 
95 

Ser Thir 
110 

Thir 

Arg 

Asp 

Met 

Gly Trp 

Glu Met 

Ile 
16 O 

Ser 

Ala 
17s 

Pro 

Phe Ser 
190 

Glin 

Glin 

Ala 

ASn 

Thr Arg 

Pro Lell 

Lell 

24 O 
Arg 

Lieu. Glu 
255 

Thir His 
27 O 



Thir 

Glin 

Lell 
3. OS 

Asn 

Glin 

Gly 

Ser 

Lys 
385 

Ser 

Ser 

Lell 

Phe 

Lys 
465 

Ser 

Wall 

Lys 
5.45 

Ser 

Thir 

Ser 

His 

Wall 
625 

Glin 

Glin 

Thir 

Thir 

Luell 

Ile 
29 O 

Phe 

Ile 

Luell 

Phe 

Ser 
37 O 

Glu 

Arg 

Asp 

Luell 

Ser 
450 

Asp 

Pro 

Luell 

Luell 

Gly 
53 O 

Ser 

Pro 

Glin 

Luell 

Arg 
610 

Trp 

Ser 

Gly 

Thir 

Luell 

Ala 
27s 

Ile 

Asp 

Ser 

Wall 
355 

Arg 

Ala 

Gly 

Luell 

Luell 
435 

His 

Gly 

Gly 

Luell 

Lys 
515 

Luell 

Wall 

Asp 

Asn 

Pro 
595 

Trp 

Ser 

His 

Ile 
675 

Met 

Asn 

Ile 

Asn 

Arg 

Glin 
34 O 

Asn 

Phe 

Asp 

Glu 

Lieu 

Arg 
SOO 

Pro 

Ala 

Glu 
58O 

Glin 

Glin 

Ser 

Gly 

Glin 
660 

His 

Glin 

Gly 

Tyr 

Tyr 

Ala 
3.25 

Met 

Gly 

Trp 

Lell 

Lys 
4 OS 

Tyr 

Pro 

Ile 

Arg 

Ser 
485 

Asp 

Ala 

Lell 

Glin 

Thir 
565 

Ser 

Gly 

Asp 

Glu 

Wall 
645 

Glin 

Lell 

Arg 

Gly 

Glin 

Wall 
310 

Ser 

Glin 
390 

Ser 

Phe 

Asp 

Thir 

Pro 
470 

Phe 

Thir 

Met 

Ala 

Gly 
550 

Lell 

Thir 

Phe 

Ile 
630 

Ala 

Glu 

Pro 

Gly 

13 

Thir 

Pro 
295 

Ile 

Wall 

Lell 

Ala 

Ile 
375 

Thir 

Ser 

Asn 

Asp 

Gly 
45.5 

Asp 

Pro 

Pro 

Wall 

Gly 
535 

Ala 

Ala 

Met 
615 

Glin 

Gly 

Lell 

Glu 

Glin 

Glu 

Luell 

Luell 

Luell 

Luell 
360 

Ser 

Glin 

Phe 

Thir 

Glin 
44 O 

Ala 

Gly 

Ala 

Phe 

Ser 

Arg 

Ser 

Ile 

Ala 

Wall 

Asn 

Ile 

Trp 

Lys 

Arg 

Gly 

Asn 

Gly 

Glu 

Met 
345 

Wall 

Thir 

Wall 

Asp 

Luell 
425 

Luell 

Thr 

Phe 

Ser 
505 

Ala 

His 

Trp 

Ile 

Phe 
585 

Phe 

Thir 

Wall 

Asp 
665 

Asp 

Gly 

Arg 

Luell 

Asn 

Lys 
330 

Thir 

Thir 

Luell 

Met 

Ser 

Arg 

Thir 

Ala 

Lys 
490 

Wall 

Trp 

Pro 

Luell 

Tyr 
st O 

Gly 

Asn 

Luell 

Asp 

Ser 
650 

Trp 

Luell 

Phe 

His 

ASn 

Tyr 
315 

Asp 

Thir 

Luell 

Asp 
395 

Arg 

Ile 

Glin 

Trp 

ASn 

Gly 

Ile 

Luell 

Ala 
555 

Luell 

Glu 

Gly 

ASn 
635 

ASn 

ASn 

Asp 

Ser 
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- Continued 

Lell 

Ser 
3 OO 

Thir 

Pro 

His 

His 

Met 

Ser 

Wall 

Glin 

Asn 

Wall 
460 

Arg 

Ala 

Glu 

Asn 
54 O 

Met 

Ala 

Thir 

Gly 

Ala 

Arg 

Gly 

Arg 

Ser 

Gly 

Ile 
285 

Glin 

Thir 

Thir 

Lell 

His 
365 

Ser 

Lell 

Ser 

His 

Lell 
445 

Pro 

His 

Ser 

Ser 

Ser 
525 

Ser 

Ser 

Ile 

Ile 

Ala 
605 

Ser 

Met 

Pro 
685 

Thir 

Thir 

Asp 

Luell 

Glin 

Luell 
35. O 

Trp 

Asp 

Luell 

Ala 

Luell 
43 O 

Wall 

Pro 

Glu 

Glin 

Gly 

Asn 

Pro 

Ala 

Ser 

Thir 
59 O 

Phe 

Asn 

Gly 

Glin 

Pro 
67 O 

Ser 

Asp 

Lys 

Met 

Lys 
335 

Asp 

Gly 

Ala 

Trp 

Asp 
415 

Ala 

Asn 

Gly 

Gly 

Luell 
495 

Trp 

Pro 

Ser 

Asp 
sts 

Pro 

Gly 

Thir 

Arg 

Luell 
655 

Gly 

Pro 

Ser 

Glin 

Phe 
32O 

Ala 

Glin 

Luell 

Tyr 
4 OO 

Ser 

Luell 

Thir 

Gly 

Asn 

Ile 

Asn 

Glu 

Luell 

Ser 
560 

Ala 

Ile 

Asn 

Tyr 
64 O 

Ser 

Ala 

His 

Luell 

14 
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- Continued 

69 O. 695 7 OO 

Glu Gly Glin Tyr Gly Met Met Ala Phe Asp Lieu. Ile Tyr Pro Ala Asn 
7 Os 71O 71s 72O 

Lieu. Glu Arg Phe Asp Pro Asn. Phe Thr Ala Lys Llys Ser Val Lieu Ala 
72 73 O 73 

Ala Asp Asn His Lieu. Ile Phe Ile Gly Ser Asn. Ile Asn. Ser Ser Asp 
740 74. 7 O 

Lys Asn Lys Asn Val Glu Thir Thr Lieu Phe Gln His Ala Ile Thr Pro 
7ss 760 765 

Thr Lieu. Asn Thr Lieu. Trp Ile Asin Gly Glin Lys Ile Glu Asn Met Pro 
770 775 78O 

Tyr Glin Thir Thir Lieu. Glin Glin Gly Asp Trp Lieu. Ile Asp Ser Asn Gly 
78s 79 O 79. 8OO 

Asn Gly Tyr Lieu. Ile Thr Glin Ala Glu Lys Val Asn. Wal Ser Arg Glin 
805 810 815 

His Glin Val Ser Ala Glu Asn Lys Asn Arg Glin Pro Thr Glu Gly Asn 
82O 825 83 O 

Phe Ser Ser Ala Trp Ile Asp His Ser Thr Arg Pro Lys Asp Ala Ser 
835 84 O 845 

Tyr Glu Tyr Met Val Phe Lieu. Asp Ala Thr Pro Glu Lys Met Gly Glu 
850 855 860 

Met Ala Glin Llys Phe Arg Glu Asn. Asn Gly Lieu. Tyr Glin Val Lieu. Arg 
865 87O 87s 88O 

Lys Asp Lys Asp Wal His Ile Ile Lieu. Asp Llys Lieu. Ser Asn Val Thr 
885 890 895 

Gly Tyr Ala Phe Tyr Glin Pro Ala Ser Ile Glu Asp Llys Trp Ile Llys 
9 OO 905 91 O 

Llys Val Asn Llys Pro Ala Ile Val Met Thr His Arg Gln Lys Asp Thr 
915 92 O 925 

Lieu. Ile Val Ser Ala Val Thr Pro Asp Lieu. Asn Met Thr Arg Glin Lys 
93 O 935 94 O 

Ala Ala Thr Pro Val Thr Ile Asin Val Thir Ile Asn Gly Llys Trp Glin 
945 950 955 96.O 

Ser Ala Asp Lys Asn. Ser Glu Val Lys Tyr Glin Val Ser Gly Asp Asn 
965 97O 97. 

Thr Glu Lieu. Thr Phe Thir Ser Tyr Phe Gly Ile Pro Glin Glu Ile Llys 
98O 985 99 O 

Lieu. Ser Pro Lieu Pro Ala Cys Arg Asp Ala Thr His Glu Arg Ala Pro 
995 1OOO 1005 

Glu Thir Ile Cys Ser Ile Asn. Cys Cys Asn. Phe Ile Asp Glu Asn 
1010 1015 1 O2O 

Thir Ile Ala Lieu. 
1025 

<210s, SEQ ID NO 2 
&211s LENGTH: 1027 

212. TYPE: PRT 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chondroitinase ABCI 

<4 OOs, SEQUENCE: 2 

Ala Thr Ser Asn Pro Ala Phe Asp Pro Lys Asn Lieu Met Glin Ser Glu 
1. 5 1O 15 

Ile Tyr His Phe Ala Glin Asn. Asn. Pro Lieu Ala Asp Phe Ser Ser Asp 



Glin 

Lys 
65 

Arg 

Ile 

Ser 

Arg 

Thir 
145 

Gly 

Ser 

Wall 

Lell 

Wall 
225 

Ile 

Glu 

Thir 

Glin 

Lell 
3. OS 

Asn 

Glin 

Gly 

Ser 

Lys 
385 

Ser 

Ser 

Lell 

Asn 

Ser 
SO 

Ser 

Asp 

Glu 

Thir 
13 O 

Luell 

Arg 

Asn 

Asp 

Ser 
210 

Thir 

Asn 

Asn 

Luell 

Ile 
29 O 

Phe 

Ile 

Luell 

Phe 

Ser 
37 O 

Glu 

Arg 

Asp 

Luell 

Ser 
35 

Luell 

Luell 

Ser 

Gly 

Ala 
115 

Wall 

Asn 

Ser 

Wall 

Asp 
195 

Glu 

Pro 

Glu 

Ile 

Ala 

Ile 

Asp 

Ser 

Wall 
355 

Arg 

Ala 

Glu 

Luell 

Luell 
435 

Ile 

Luell 

Ile 

Thir 

Tyr 

Glin 

Gly 

Ala 

Luell 

Ser 
18O 

Ala 

Pro 

Glu 

Phe 

Ser 
26 O 

Asn 

Ile 

Asn 

Arg 

Glin 
34 O 

Trp 

Asn 

Phe 

Asp 

Glu 

Lell 

Trp 

Wall 

Pro 
85 

Lell 

Ala 

Wall 

Thir 

Gly 
1.65 

Glin 

Arg 

Glu 

Asn 

Wall 
245 

Gly 

Tyr 

Tyr 

Ala 
3.25 

Met 

Gly 

Trp 

Lell 

Lys 
4 OS 

Tyr 

Pro 

Thir 

Pro 
70 

Wall 

Thir 

Gly 

Ser 

Asn 
150 

Ala 

Gly 

Ile 

Lell 
23 O 

Gly 

Lell 

Gly 

Glin 

Wall 
310 

Ser 

Glin 
390 

Ser 

Phe 

Asp 

17 

Lell 

Trp 
55 

Thir 

Phe 

Ile 

Phe 

Lell 
135 

Thir 

Glu 

Glin 

Glin 
215 

Ala 

Gly 

Thir 

Pro 
295 

Ile 

Wall 

Lell 

Ala 

Ile 
375 

Thir 

Ser 

Asn 

Asp 

Ser 
4 O 

Asp 

Ser 

Asp 

Lys 
12 O 

Asn 

Ser 

Wall 

Ile 

Trp 

Phe 

Ala 

Glu 

Ser 

Glin 

Glu 

Luell 

Luell 

Luell 

Luell 
360 

Ser 

Glin 

Phe 

Thir 

Glin 
44 O 

25 

Asp 

Gly 

Phe 

Phe 
105 

Wall 

Asn 

Ser 

Asp 

Tyr 
185 

Ser 

His 

Ile 

Asp 
265 

Gly 

Asn 

Gly 

Glu 

Met 
345 

Wall 

Thir 

Wall 

Asp 

Luell 
425 

Gly 

Glu 

Trp 
90 

Gly 

Asp 

Asp 

Ser 
17O 

Ile 

Asp 

Asn 

Asp 

Glu 
250 

Phe 

Arg 

Luell 

Asn 

Lys 
330 

Thir 

Thir 

Luell 

Met 
41O 

Ser 

Arg 

Ser 

Ala 

Luell 

Glu 

Luell 

Luell 

Gly 
155 

Ile 

Asp 

Wall 

Luell 
235 

Thir 

Asp 

His 

ASn 

Tyr 
315 

Asp 

Thir 

Luell 

Asp 
395 

Arg 

Ile 

US 9,402,886 B2 

- Continued 

Ser 

Ser 
6 O 

Ser 

Tyr 

Asp 

Glu 
14 O 

Thir 

Arg 

Arg 

Glin 

Lys 
220 

Ile 

Asn 

Ala 

Lell 

Ser 
3 OO 

Thir 

Pro 

His 

His 

Met 

Ser 

Wall 

Glin 

Asn 

Ile 
45 

Phe 

Asn 

Lell 

Phe 
125 

Asn 

Glin 

Phe 

Ile 

Wall 

Pro 

Arg 

Lell 

Lell 

Ile 
285 

Glin 

Thir 

Thir 

Lell 

His 
365 

Ser 

Lell 

Ser 

His 

Lell 
445 

Met 

Thir 

Ala 

Glu 

Ile 
11 O 

Thir 

Arg 

Asp 

Met 
19 O 

Glin 

Glin 

Ala 

Asn 
27 O 

Thir 

Asp 

Luell 

Glin 

Luell 
35. O 

Trp 

Asp 

Luell 

Ala 

Luell 
43 O 

Wall 

Gly 

Luell 

Trp 

Lys 
95 

Ser 

Gly 

Glu 

Ser 

Ala 

Phe 

Thir 

Luell 

Arg 

Luell 
255 

Thir 

Asp 

Met 

Lys 
335 

Asp 

Gly 

Ala 

Trp 

Asp 
415 

Ala 

Asn 

Asn 

His 

Gly 

Pro 

Thir 

Trp 

Met 

Ile 
160 

Pro 

Ser 

Arg 

Pro 

Luell 
24 O 

Glu 

His 

Glin 

Phe 

Ala 

Glin 

Tyr 

Luell 

Tyr 
4 OO 

Ser 

Luell 

Thir 

18 



Phe 

Lys 
465 

Ser 

Wall 

Lys 
5.45 

Ser 

Thir 

Ser 

His 

Wall 
625 

Glin 

Glin 

Thir 

Thir 

Glu 
7 Os 

Lell 

Ala 

Thir 

Tyr 

Asn 

His 

Phe 

Ser 
450 

Asp 

Pro 

Luell 

Luell 

Gly 
53 O 

Ser 

Pro 

Glin 

Luell 

Arg 
610 

Trp 

Ile 

Gly 

Thir 

Luell 
69 O. 

Gly 

Glu 

Asp 

Asn 

Luell 
770 

Glin 

Gly 

Glin 

Ser 

Glu 
850 

His 

Gly 

Gly 

Luell 

Lys 
515 

Luell 

Wall 

Asp 

Asn 

Pro 
595 

Trp 

Ser 

His 

Ile 
675 

Met 

Glin 

Arg 

Asn 

Lys 

Asn 

Thir 

Wall 

Ser 

835 

Tyr Ile 

Lieu. Arg 

485 

Arg Asp 
SOO 

Lys Ala 

Pro Leu. 

Ala Glin 

Lys Thr 
565 

Glu Ser 
58O 

Gln Gly 

Glin Asp 

Ser Glu 

Gly Val 
645 

Glin Glin 
660 

His Lieu. 

Glin Arg 

Phe Asp 
72 

His Lieu. 
740 

Asn. Wall 

Thir Lieu. 

Thir Lieu. 

Lieu. Ile 
805 

Ser Ala 
82O 

Ala Trp 

Met Wall 

Thir 

Pro 
470 

Phe 

Thir 

Met 

Ala 

Gly 
550 

Lell 

Thir 

Phe 

Ile 
630 

Ala 

Glu 

Pro 

Gly 

Met 

Pro 

Met 

Glu 

Trp 

Glin 
79 O 

Thir 

Glu 

Ile 

Phe 

19 

Gly 
45.5 

Asp 

Pro 

Pro 

Wall 

Gly 
535 

Ala 

Ala 

Met 
615 

Glin 

Gly 

Lell 

Glu 
695 

Met 

Asn 

Phe 

Thir 

Ile 
775 

Glin 

Glin 

Asn 

Asp 

Lell 

855 

Ala 

Gly 

Ala 

Phe 

Ser 

Arg 

Ser 

Ile 

Ala 

Wall 

Asn 

Ile 

Trp 

Lys 

Arg 

Ala 

Phe 

Ile 

Thir 
760 

Asn 

Gly 

Ala 

His 
84 O 

Asp 

Luell 

Thir 

Phe 

Ser 
505 

Ala 

His 

Trp 

Ile 

Phe 
585 

Phe 

Thir 

Wall 

Asp 
665 

Asp 

Gly 

Phe 

Thir 

Gly 
74. 

Luell 

Gly 

Asp 

Glu 

Asn 

825 

Ser 

Ala 

Thir 

Ala 

Lys 
490 

Wall 

Trp 

Pro 

Luell 

Tyr 
st O 

Gly 

Asn 

Luell 

Asp 

Ser 
650 

Trp 

Luell 

Phe 

Asp 

Ala 
73 O 

Ser 

Phe 

Glin 

Trp 

Lys 
810 

Arg 

Thir 

Thir 

Glin 

Trp 

ASn 

Gly 

Ile 

Luell 

Ala 
555 

Luell 

Glu 

Gly 

ASn 
635 

ASn 

ASn 

Asp 

Ser 

Luell 

ASn 

Glin 

Luell 

79. 

Wall 

Glin 

Arg 

Pro 

US 9,402,886 B2 

- Continued 

Wall 
460 

Arg 

Ala 

Glu 

Asn 
54 O 

Met 

Ala 

Thir 

Gly 

Ala 

Arg 

Gly 

Arg 

Ser 

Gly 
7 OO 

Ile 

Ile 

His 

Ile 
78O 

Ile 

Asn 

Pro 

Pro 

Glu 
860 

Pro 

His 

Ser 

Ser 

Ser 
525 

Ser 

Ser 

Ile 

Ile 

Ala 
605 

Ser 

Met 

Pro 
685 

Thir 

Ser 

Asn 

Ala 
765 

Glu 

Asp 

Wall 

Thir 

Lys 
845 

Pro 

Glu 

Glin 

Gly 

Asn 

Pro 

Ala 

Ser 

Thir 
59 O 

Phe 

Asn 

Gly 

Glin 

Pro 
67 O 

Ser 

Pro 

Wall 

Ser 
7 O 

Ile 

Asn 

Ser 

Ser 

Glu 
83 O 

Asp 

Met 

Gly 

Gly 

Luell 
495 

Trp 

Pro 

Ser 

Asp 
sts 

Pro 

Gly 

Thir 

Arg 

Luell 
655 

Gly 

Pro 

Ser 

Ala 

Luell 
73 

Ser 

Thir 

Met 

Asn 

Arg 
815 

Gly 

Ala 

Gly 

Gly 

Asn 

Ile 

Asn 

Glu 

Luell 

Ser 
560 

Ala 

Ile 

Asn 

Tyr 
64 O 

Ser 

Ala 

His 

Luell 

Asn 

Ala 

Asp 

Pro 

Pro 

Gly 

Glin 

Asn 

Ser 

Glu 

20 
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21 

- Continued 

Met Ala Glin Llys Phe Arg Glu Asn. Asn Gly Lieu. Tyr Glin Val Lieu. Arg 
865 87O 87s 88O 

Lys Asp Lys Asp Wal His Ile Ile Lieu. Asp Llys Lieu. Ser Asn Val Thr 
885 890 895 

Gly Tyr Ala Phe Tyr Glin Pro Ala Ser Ile Glu Asp Llys Trp Ile Llys 
9 OO 905 91 O 

Llys Val Asn Llys Pro Ala Ile Val Met Thr His Arg Gln Lys Asp Thr 
915 92 O 925 

Lieu. Ile Val Ser Ala Val Thr Pro Asp Lieu. Asn Met Thr Arg Glin Lys 
93 O 935 94 O 

Ala Ala Thr Pro Val Thr Ile Asin Val Thir Ile Asn Gly Llys Trp Glin 
945 950 955 96.O 

Ser Ala Asp Lys Asn. Ser Glu Val Lys Tyr Glin Val Ser Gly Asp Asn 
965 97O 97. 

Thr Glu Lieu. Thr Phe Thir Ser Tyr Phe Gly Ile Pro Glin Glu Ile Llys 
98O 985 99 O 

Lieu. Ser Pro Lieu Pro Ala Cys Arg Asp Ala Thr His Glu Arg Ala Pro 
995 1OOO 1005 

Glu Thir Ile Cys Ser Ile Asn. Cys Cys Asn. Phe Ile Asp Glu Asn 
1010 1015 1 O2O 

Thir Ile Ala Lieu. 
1025 

<210s, SEQ ID NO 3 
&211s LENGTH: 1027 
212. TYPE PRT 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chondroitinase ABCI 

<4 OOs, SEQUENCE: 3 

Ala Thr Ser Asn Pro Ala Phe Asp Pro Lys Asn Lieu Met Glin Ser Glu 
1. 5 1O 15 

Ile Tyr His Phe Ala Glin Asn. Asn. Pro Lieu Ala Asp Phe Ser Ser Asp 
2O 25 3O 

Lys Asn. Ser Ile Lieu. Thir Lieu. Ser Asp Lys Arg Ser Ile Met Gly Asn 
35 4 O 45 

Gln Ser Lieu. Leu Trp Llys Trp Lys Gly Gly Ser Ser Phe Thr Lieu. His 
SO 55 6 O 

Llys Llys Lieu. Ile Val Pro Thr Asp Llys Glu Ala Ser Lys Ala Trp Gly 
65 70 7s 8O 

Arg Ser Ser Thr Pro Val Phe Ser Phe Trp Leu Tyr Asn Glu Lys Pro 
85 90 95 

Ile Asp Gly Tyr Lieu. Thir Ile Asp Phe Gly Glu Lys Lieu. Ile Ser Thr 
1OO 105 11 O 

Ser Glu Ala Glin Ala Gly Phe Llys Val Lys Lieu. Asp Phe Thr Gly Trp 
115 12 O 125 

Arg Thr Val Gly Val Ser Lieu. Asn. Asn Asp Lieu. Glu Asn Arg Glu Met 
13 O 135 14 O 

Thr Lieu. Asn Ala Thr Asn Thr Ser Ser Asp Gly Thr Glin Asp Ser Ile 
145 150 155 160 

Gly Arg Ser Lieu. Gly Ala Lys Val Asp Ser Ile Arg Phe Lys Ala Pro 
1.65 17O 17s 

Ser Asn Val Ser Glin Gly Glu Ile Tyr Ile Asp Arg Ile Met Phe Ser 
18O 185 19 O 



Wall 

Lell 

Wall 
225 

Ile 

Glu 

Thir 

Glin 

Lell 
3. OS 

Asn 

Glin 

Gly 

Ser 

Lys 
385 

Ser 

Ser 

Lell 

Phe 

Lys 
465 

Ser 

Wall 

Lys 
5.45 

Ser 

Thir 

Ser 

His 

Asp 

Ser 
21 O 

Thir 

Asn 

Asn 

Luell 

Ile 
29 O 

Phe 

Ile 

Luell 

Phe 

Ser 
37 O 

Glu 

Arg 

Asp 

Luell 

Ser 
450 

Asp 

Pro 

Luell 

Luell 

Gly 
53 O 

Ser 

Pro 

Glin 

Luell 

Arg 

Asp 
195 

Glu 

Pro 

Glu 

Ile 

Ala 

Ile 

Asp 

Ser 

Wall 
355 

Arg 

Ala 

Glu 

Luell 

Luell 
435 

His 

Gly 

Gly 

Luell 

Lys 
515 

Luell 

Wall 

Asp 

Asn 

Pro 
595 

Trp 

Ala 

Pro 

Glu 

Phe 

Ser 
26 O 

Asn 

Ile 

Asn 

Arg 

Glin 
34 O 

Trp 

Asn 

Phe 

Asp 

Glu 

Luell 

Arg 
SOO 

Pro 

Ala 

Glu 
58O 

Glin 

Glin 

Arg 

Glu 

Asn 

Wall 
245 

Lys 

Gly 

Tyr 

Tyr 

Ala 
3.25 

Met 

Gly 

Trp 

Lieu 

Lys 
4 OS 

Tyr 

Pro 

Ile 

Arg 

Ser 
485 

Asp 

Ala 

Lell 

Glin 

Thir 
565 

Ser 

Gly 

Asp 

Ile 

Lell 
23 O 

Gly 

Lell 

Gly 

Glin 

Wall 
310 

Ser 

390 

Ser 

Phe 

Asp 

Thir 

Pro 
470 

Phe 

Thir 

Met 

Ala 

Gly 
550 

Lell 

Thir 

Phe 

23 

Glin 

Glin 
215 

Ala 

Gly 

Thir 

Pro 
295 

Ile 

Wall 

Lell 

Ala 

Ile 
375 

Thr 

Ser 

Asn 

Asp 

Gly 
45.5 

Asp 

Pro 

Pro 

Wall 

Gly 
535 

Ala 

Ala 

Met 

Trp 

Phe 

Ala 

Glu 

Ser 

Glin 

Glu 

Luell 

Luell 

Luell 

Luell 
360 

Ser 

Gln 

Phe 

Thir 

Glin 
44 O 

Ala 

Gly 

Ala 

Phe 

Ser 

Arg 

Ser 

Ile 

Ala 

Wall 

Ser 

His 

Ile 

Asp 
265 

Gly 

Asn 

Gly 

Glu 

Met 
345 

Wall 

Thir 

Wall 

Asp 

Luell 
425 

Luell 

Thir 

Phe 

Ser 
505 

Ala 

His 

Trp 

Ile 

Phe 
585 

Phe 

Thir 

Asp 

Asn 

Asp 

Glu 
250 

Phe 

Arg 

Luell 

Asn 

Lys 
330 

Thir 

Thir 

Luell 

Met 

Ser 

Arg 

Thir 

Ala 

Lys 
490 

Wall 

Trp 

Pro 

Luell 

Tyr 
st O 

Gly 

Asn 

Luell 

Wall 

Luell 
235 

Thir 

Asp 

His 

ASn 

Tyr 
315 

Asp 

Thir 

Luell 

Asp 
395 

Arg 

Ile 

Glin 

Trp 

ASn 

Gly 

Ile 

Luell 

Ala 
555 

Luell 

Glu 

Gly 

Lys 

US 9,402,886 B2 

- Continued 

Glin 

Lys 
22O 

Ile 

Asn 

Ala 

Lell 

Ser 
3 OO 

Thir 

Pro 

His 

His 

Met 

Ser 

Wall 

Glin 

Asn 

Wall 
460 

Arg 

Ala 

Glu 

Asn 
54 O 

Met 

Ala 

Thir 

Gly 

Ala 

Wall 

Pro 

Arg 

Lell 

Lell 

Ile 
285 

Glin 

Thir 

Thir 

Lell 

His 
365 

Ser 

Lieu 

Ser 

His 

Lell 
445 

Pro 

His 

Ser 

Ser 

Ser 
525 

Ser 

Ser 

Ile 

Ile 

Ala 
605 

Lys 

Glin 

Glin 

Ala 

Asn 
27 O 

Thir 

Asp 

Luell 

Glin 

Luell 
35. O 

Trp 

Asp 

Luell 

Ala 

Luell 
43 O 

Wall 

Pro 

Glu 

Glin 

Gly 

Asn 

Pro 

Ala 

Ser 

Thir 
59 O 

Phe 

Asn 

Thir 

Luell 

Arg 

Luell 
255 

Thir 

Asp 

Met 

Lys 
335 

Asp 

Gly 

Ala 

Trp 

Asp 
415 

Ala 

Asn 

Gly 

Gly 

Luell 
495 

Trp 

Pro 

Ser 

Asp 
sts 

Pro 

Gly 

Thir 

Arg 

Pro 

Luell 
24 O 

Glu 

His 

Glin 

Phe 
32O 

Ala 

Glin 

Luell 

Tyr 
4 OO 

Ser 

Luell 

Thir 

Gly 

Asn 

Ile 

Asn 

Glu 

Luell 

Ser 
560 

Ala 

Ile 

Asn 

24 
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25 

- Continued 

610 615 62O 

Val Trp Ser Ser Glu Ile Tyr Asn Lys Asp Asn Arg Tyr Gly Arg Tyr 
625 630 635 64 O 

Gln Ser His Gly Val Ala Glin Ile Val Ser Asn Gly Ser Glin Leu Ser 
645 650 655 

Glin Gly Tyr Glin Glin Glu Gly Trp Asp Trp Asn Arg Met Pro Gly Ala 
660 665 67 O 

Thir Thir Ile His Lieu Pro Lieu Lys Asp Lieu. Asp Ser Pro Llys Pro His 
675 68O 685 

Thr Lieu Met Glin Arg Gly Glu Arg Gly Phe Ser Gly Thr Ser Ser Lieu. 
69 O. 695 7 OO 

Glu Gly Glin Tyr Gly Met Met Ala Phe Asp Lieu. Ile Tyr Pro Ala Lys 
7 Os 71O 71s 72O 

Lieu. Glu Arg Phe Asp Pro Asn. Phe Thr Ala Lys Llys Ser Val Lieu Ala 
72 73 O 73 

Ala Asp Asn His Lieu. Ile Phe Ile Gly Ser Asn. Ile Asn. Ser Ser Asp 
740 74. 7 O 

Lys Asn Lys Asn Val Glu Thir Thr Lieu Phe Gln His Ala Ile Thr Pro 
7ss 760 765 

Thr Lieu. Asn Thr Lieu. Trp Ile Asin Gly Glin Lys Ile Glu Asn Met Pro 
770 775 78O 

Tyr Glin Thir Thir Lieu. Glin Glin Gly Asp Trp Lieu. Ile Asp Ser Asn Gly 
78s 79 O 79. 8OO 

Asn Gly Tyr Lieu. Ile Thr Glin Ala Glu Lys Val Asn. Wal Ser Arg Glin 
805 810 815 

His Glin Val Ser Ala Glu Asn Lys Asn Arg Glin Pro Thr Glu Gly Asn 
82O 825 83 O 

Phe Ser Ser Ala Trp Ile Asp His Ser Thr Arg Pro Lys Asp Ala Ser 
835 84 O 845 

Tyr Glu Tyr Met Val Phe Lieu. Asp Ala Thr Pro Glu Lys Met Gly Glu 
850 855 860 

Met Ala Glin Llys Phe Arg Glu Asn. Asn Gly Lieu. Tyr Glin Val Lieu. Arg 
865 87O 87s 88O 

Lys Asp Lys Asp Wal His Ile Ile Lieu. Asp Llys Lieu. Ser Asn Val Thr 
885 890 895 

Gly Tyr Ala Phe Tyr Glin Pro Ala Ser Ile Glu Asp Llys Trp Ile Llys 
9 OO 905 91 O 

Llys Val Asn Llys Pro Ala Ile Val Met Thr His Arg Gln Lys Asp Thr 
915 92 O 925 

Lieu. Ile Val Ser Ala Val Thr Pro Asp Lieu. Asn Met Thr Arg Glin Lys 
93 O 935 94 O 

Ala Ala Thr Pro Val Thr Ile Asin Val Thir Ile Asn Gly Llys Trp Glin 
945 950 955 96.O 

Ser Ala Asp Lys Asn. Ser Glu Val Lys Tyr Glin Val Ser Gly Asp Asn 
965 97O 97. 

Thr Glu Lieu. Thr Phe Thir Ser Tyr Phe Gly Ile Pro Glin Glu Ile Llys 
98O 985 99 O 

Lieu. Ser Pro Lieu Pro Ala Cys Arg Asp Ala Thr His Glu Arg Ala Pro 
995 1OOO 1005 

Glu Thir Ile Cys Ser Ile Asn. Cys Cys Asn. Phe Ile Asp Glu Asn 
1010 1015 1 O2O 

Thir Ile Ala Lieu. 
1025 

26 



PRT 

<4 OOs, SEQUENCE: 

Ala 
1. 

Ile 

Glin 

Lys 
65 

Arg 

Ile 

Ser 

Arg 

Thir 
145 

Gly 

Ser 

Wall 

Lell 

Wall 
225 

Ile 

Glu 

Thir 

Glin 

Lell 
3. OS 

Asn 

Glin 

Gly 

Thir Ser Asn 

Tyr 

Asn 

Ser 
SO 

Ser 

Asp 

Glu 

Thir 
13 O 

Luell 

Arg 

Asn 

Asp 

Ser 
21 O 

Thir 

Asn 

Asn 

Luell 

Ile 
29 O 

Phe 

Ile 

Luell 

Phe 

His 

Ser 
35 

Luell 

Luell 

Ser 

Gly 

Ala 
115 

Wall 

Asn 

Ser 

Wall 

Asp 
195 

Glu 

Pro 

Glu 

Ile 

Ala 

Ile 

Asp 

Ser 

Wall 
355 

Phe 

Ile 

Luell 

Ile 

Thir 

Tyr 

Glin 

Gly 

Ala 

Luell 

Ser 
18O 

Ala 

Pro 

Glu 

Phe 

Ser 
26 O 

Asn 

Ile 

Asn 

Arg 

Glin 
34 O 

SEQ ID NO 4 
LENGTH: 
TYPE : 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: CHONDROITINASE 

102.7 

4. 

Pro 
5 

Ala 

Lell 

Trp 

Wall 

Pro 
85 

Lell 

Ala 

Wall 

Thir 

Gly 
1.65 

Glin 

Arg 

Glu 

Asn 

Wall 
245 

Lys 

Gly 

Tyr 

Tyr 

Ala 
3.25 

Met 

Gly 

Ala 

Glin 

Thir 

Pro 
70 

Wall 

Thir 

Gly 

Ser 

Asn 
150 

Ala 

Gly 

Ile 

Lell 
23 O 

Gly 

Lell 

Gly 

Glin 

Wall 
310 

Ser 

27 

Phe 

Asn 

Lell 

Trp 
55 

Thir 

Phe 

Ile 

Phe 

Lell 
135 

Thir 

Glu 

Glin 

Glin 
215 

Ala 

Gly 

Thir 

Pro 
295 

Ile 

Wall 

Lell 

Ala 

Asp 

Asn 

Ser 
4 O 

Asp 

Ser 

Asp 

Lys 
12 O 

Asn 

Ser 

Wall 

Ile 

Trp 

Phe 

Ala 

Glu 

Ser 

Glin 

Glu 

Luell 

Luell 

Luell 

Luell 
360 

Pro 

Pro 
25 

Asp 

Gly 

Phe 

Phe 
105 

Wall 

Asn 

Ser 

Asp 

Tyr 
185 

Ser 

His 

Ile 

Asp 
265 

Gly 

Asn 

Gly 

Glu 

Met 
345 

Wall 

Lys 
1O 

Luell 

Gly 

Glu 

Trp 
90 

Gly 

Asp 

Asp 

Ser 
17O 

Ile 

Asp 

Asn 

Asp 

Glu 
250 

Phe 

Arg 

Luell 

Asn 

Lys 
330 

Thir 

Thir 

US 9,402,886 B2 

ABCI 

ASn 

Ala 

Arg 

Ser 

Ala 

Luell 

Glu 

Luell 

Luell 

Gly 
155 

Ile 

Asp 

Wall 

Luell 
235 

Thir 

Asp 

His 

ASn 

Tyr 
315 

Asp 

Thir 

- Continued 

Lell 

Asp 

Ser 

Ser 
6 O 

Ser 

Asp 

Glu 
14 O 

Thir 

Arg 

Arg 

Glin 

Lys 
22O 

Ile 

Asn 

Ala 

Lell 

Ser 
3 OO 

Thir 

Pro 

His 

His 

Met 

Phe 

Ile 
45 

Phe 

Asn 

Lell 

Phe 
125 

Asn 

Glin 

Phe 

Ile 

Wall 

Pro 

Arg 

Lell 

Lell 

Ile 
285 

Glin 

Thir 

Thir 

Lell 

His 
365 

Glin 

Ser 

Met 

Thir 

Ala 

Glu 

Ile 
11 O 

Thir 

Arg 

Asp 

Met 
19 O 

Glin 

Glin 

Ala 

Asn 
27 O 

Thir 

Asp 

Luell 

Glin 

Luell 
35. O 

Trp 

Ser 
15 

Ser 

Gly 

Luell 

Trp 

Lys 
95 

Ser 

Gly 

Glu 

Ser 

Ala 

Phe 

Thir 

Luell 

Arg 

Luell 
255 

Thir 

Asp 

Met 

Lys 
335 

Asp 

Gly 

Glu 

Asp 

Asn 

His 

Gly 

Pro 

Thir 

Trp 

Met 

Ile 
160 

Pro 

Ser 

Arg 

Pro 

Luell 
24 O 

Glu 

His 

Glin 

Phe 
32O 

Ala 

Glin 

28 



Ser 

Lys 
385 

Ser 

Ser 

Lell 

Phe 

Lys 
465 

Ser 

Wall 

Lys 
5.45 

Ser 

Thir 

Ser 

His 

Wall 
625 

Glin 

Glin 

Thir 

Thir 

Glu 
7 Os 

Lell 

Ala 

Thir 

Ser 
37 O 

Glu 

Arg 

Asp 

Luell 

Ser 
450 

Asp 

Pro 

Luell 

Luell 

Gly 
53 O 

Ser 

Pro 

Glin 

Luell 

Arg 
610 

Trp 

Ser 

Gly 

Thir 

Luell 
69 O. 

Gly 

Glu 

Asp 

Asn 

Luell 

770 

Arg 

Ala 

Glu 

Luell 

Luell 
435 

His 

Gly 

Gly 

Luell 

Lys 
515 

Luell 

Wall 

Asp 

Asn 

Pro 
595 

Trp 

Ser 

His 

Tyr 

Ile 
675 

Met 

Glin 

Arg 

Asn 

Lys 

Asn 

Trp 

Asn 

Phe 

Asp 

Glu 

Luell 

Tyr 

Arg 
SOO 

Pro 

Ala 

Glu 

Glin 

Glin 

Ser 

Gly 

Glin 
660 

His 

Glin 

Tyr 

Phe 

His 
740 

Asn 

Thir 

Trp 

Lell 

Lys 
4 OS 

Tyr 

Pro 

Ile 

Arg 

Ser 
485 

Asp 

Ala 

Lell 

Glin 

Thir 
565 

Ser 

Gly 

Asp 

Glu 

Wall 
645 

Glin 

Lell 

Arg 

Gly 

Asp 
72 

Lell 

Wall 

Lell 

Glin 
390 

Ser 

Phe 

Asp 

Thir 

Pro 
470 

Phe 

Thir 

Met 

Ala 

Gly 
550 

Lell 

Thir 

Phe 

Ile 
630 

Ala 

Glu 

Pro 

Gly 

Met 

Pro 

Ile 

Glu 

Trp 

29 

Ile 
375 

Thir 

Ser 

Asn 

Asp 

Gly 
45.5 

Asp 

Pro 

Pro 

Wall 

Gly 
535 

Tyr 

Ala 

Ala 

Met 
615 

Glin 

Gly 

Lell 

Glu 
695 

Met 

Asn 

Phe 

Thir 

Ile 
775 

Ser 

Glin 

Phe 

Thir 

Glin 
44 O 

Ala 

Gly 

Ala 

Phe 

Ser 

Arg 

Ser 

Ile 

Ala 

Wall 

Asn 

Ile 

Trp 

Lys 

Arg 

Ala 

Phe 

Ile 

Thir 
760 

Asn 

Thir 

Wall 

Asp 

Luell 
425 

Luell 

Thir 

Phe 

Ser 
505 

Ala 

His 

Trp 

Ile 

Phe 
585 

Phe 

Thir 

Wall 

Asp 
665 

Asp 

Gly 

Phe 

Thir 

Gly 
74. 

Luell 

Gly 

Luell 

Tyr 

Met 

Ser 

Arg 

Thir 

Ala 

Lys 
490 

Wall 

Trp 

Pro 

Luell 

Tyr 
st O 

Gly 

Asn 

Luell 

Asp 

Ser 
650 

Trp 

Luell 

Phe 

Asp 

Ala 
73 O 

Ser 

Phe 

Glin 

Luell 

Asp 
395 

Arg 

Ile 

Glin 

Trp 

ASn 

Gly 

Ile 

Luell 

Ala 
555 

Luell 

Glu 

Gly 

Lys 

ASn 
635 

ASn 

ASn 

Asp 

Ser 

Luell 

71s 

ASn 

Glin 

Lys 

US 9,402,886 B2 
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Met 

Ser 

Wall 

Glin 

Asn 

Wall 
460 

Arg 

Ala 

Glu 

Asn 
54 O 

Met 

Ala 

Thir 

Gly 

Ala 

Arg 

Gly 

Arg 

Ser 

Gly 
7 OO 

Ile 

Ile 

His 

Ile 
78O 

Ser 

Lell 

Asn 

His 

Lell 
445 

Pro 

His 

Ser 

Ser 

Ser 
525 

Ser 

Ser 

Ile 

Ile 

Ala 
605 

Ser 

Met 

Pro 
685 

Thir 

Ser 

Asn 

Ala 
765 

Glu 

Asp 

Luell 

Ala 

Luell 
43 O 

Wall 

Pro 

Glu 

Glin 

Gly 

Asn 

Pro 

Ala 

Ser 

Thir 
59 O 

Phe 

Asn 

Gly 

Glin 

Pro 
67 O 

Ser 

Pro 

Wall 

Ser 

7 O 

Ile 

Asn 

Ala 

Trp 

Asp 
415 

Ala 

Asn 

Gly 

Gly 

Luell 
495 

Trp 

Pro 

Ser 

Asp 
sts 

Pro 

Gly 

Thir 

Arg 

Luell 
655 

Gly 

Pro 

Ser 

Ala 

Luell 

73 

Ser 

Thir 

Met 

Luell 

Tyr 
4 OO 

Ser 

Luell 

Thir 

Gly 

Asn 

Ile 

Asn 

Glu 

Luell 

Ser 
560 

Ala 

Ile 

Asn 

Tyr 
64 O 

Ser 

Ala 

His 

Luell 

Asn 

Ala 

Asp 

Pro 

Pro 

30 
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- Continued 

Tyr Glin Thir Thir Lieu. Glin Glin Gly Asp Trp Lieu. Ile Asp Ser Asn Gly 
78s 79 O 79. 8OO 

Asn Gly Tyr Lieu. Ile Thr Glin Ala Glu Lys Val Asn. Wal Ser Arg Glin 
805 810 815 

His Glin Val Ser Ala Glu Asn Lys Asn Arg Glin Pro Thr Glu Gly Asn 
82O 825 83 O 

Phe Ser Ser Ala Trp Ile Asp His Ser Thr Arg Pro Lys Asp Ala Ser 
835 84 O 845 

Tyr Glu Tyr Met Val Phe Lieu. Asp Ala Thr Pro Glu Lys Met Gly Glu 
850 855 860 

Met Ala Glin Llys Phe Arg Glu Asn. Asn Gly Lieu. Tyr Glin Val Lieu. Arg 
865 87O 87s 88O 

Lys Asp Lys Asp Wal His Ile Ile Lieu. Asp Llys Lieu. Ser Asn Val Thr 
885 890 895 

Gly Tyr Ala Phe Tyr Glin Pro Ala Ser Ile Glu Asp Llys Trp Ile Llys 
9 OO 905 91 O 

Llys Val Asn Llys Pro Ala Ile Val Met Thr His Arg Gln Lys Asp Thr 
915 92 O 925 

Lieu. Ile Val Ser Ala Val Thr Pro Asp Lieu. Asn Met Thr Arg Glin Lys 
93 O 935 94 O 

Ala Ala Thr Pro Val Thr Ile Asin Val Thir Ile Asn Gly Llys Trp Glin 
945 950 955 96.O 

Ser Ala Asp Lys Asn. Ser Glu Val Lys Tyr Glin Val Ser Gly Asp Asn 
965 97O 97. 

Thr Glu Lieu. Thir Phe Thr Ser Tyr Phe Gly Ile Pro Gln Glu Ile Llys 
98O 985 99 O 

Lieu. Ser Pro Lieu Pro Ala Cys Arg Asp Ala Thr His Glu Arg Ala Pro 
995 1OOO 1005 

Glu Thir Ile Cys Ser Ile Asn. Cys Cys Asn. Phe Ile Asp Glu Asn 
1010 1015 1 O2O 

Thir Ile Ala Lieu. 
1025 

<210s, SEQ ID NO 5 
&211s LENGTH: 1027 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: CHONDROITINASE ABCI 

<4 OOs, SEQUENCE: 5 

Ala Thr Ser Asn Pro Ala Phe Asp Pro Lys Asn Lieu Met Glin Ser Glu 
1. 5 1O 15 

Ile Tyr His Phe Ala Glin Asn. Asn. Pro Lieu Ala Asp Phe Ser Ser Asp 
2O 25 3O 

Lys Asn. Ser Ile Lieu. Thir Lieu. Ser Asp Lys Arg Ser Ile Met Gly Asn 
35 4 O 45 

Gln Ser Lieu. Leu Trp Llys Trp Lys Gly Gly Ser Ser Phe Thr Lieu. His 
SO 55 6 O 

Llys Llys Lieu. Ile Val Pro Thr Asp Llys Glu Ala Ser Lys Ala Trp Gly 
65 70 7s 8O 

Arg Ser Ser Thr Pro Val Phe Ser Phe Trp Leu Tyr Asn Glu Lys Pro 
85 90 95 

Ile Asp Gly Tyr Lieu. Thir Ile Asp Phe Gly Glu Lys Lieu. Ile Ser Thr 
1OO 105 11 O 



Ser 

Arg 

Thir 
145 

Gly 

Ser 

Wall 

Lell 

Wall 
225 

Ile 

Glu 

Thir 

Glin 

Lieu 
3. OS 

Asn 

Glin 

Gly 

Ser 

Lys 
385 

Ser 

Ser 

Lell 

Phe 

Lys 
465 

Ser 

Wall 

Glu 

Thir 
13 O 

Luell 

Arg 

Asn 

Asp 

Ser 
21 O 

Thir 

Asn 

Asn 

Luell 

Ile 
29 O 

Phe 

Ile 

Luell 

Phe 

Ser 
37 O 

Glu 

Arg 

Asp 

Luell 

Ser 
450 

Asp 

Pro 

Luell 

Luell 

Gly 

Ala 
115 

Wall 

Asn 

Ser 

Wall 

Asp 
195 

Glu 

Pro 

Glu 

Ile 

Ala 

Ile 

Asp 

Ser 

Wall 
355 

Arg 

Ala 

Glu 

Luell 

Luell 
435 

His 

Gly 

Gly 

Luell 

Lys 
515 

Luell 

Glin 

Gly 

Ala 

Luell 

Ser 
18O 

Ala 

Pro 

Glu 

Phe 

Ser 
26 O 

Asn 

Ile 

Asn 

Arg 

Glin 
34 O 

Trp 

Asn 

Phe 

Asp 

Glu 

Luell 

Arg 
SOO 

Pro 

Ala 

Wall 

Thir 

Gly 
1.65 

Glin 

Arg 

Glu 

Asn 

Wall 
245 

Lys 

Gly 

Tyr 

Tyr 

Ala 
3.25 

Met 

Gly 

Trp 

Lell 

Lys 
4 OS 

Tyr 

Pro 

Ile 

Arg 

Ser 
485 

Asp 

Ala 

Lell 

Gly 

Ser 

Asn 
150 

Ala 

Gly 

Ile 

Lell 
23 O 

Gly 

Lell 

Gly 

Glin 

Wall 
310 

Ser 

Glin 
390 

Ser 

Phe 

Asp 

Thir 

Pro 
470 

Phe 

Thir 

Met 

Ala 

33 

Phe 

Lell 
135 

Thir 

Glu 

Glin 

Glin 
215 

Ala 

Gly 

Thir 

Pro 
295 

Ile 

Wall 

Lell 

Ala 

Ile 
375 

Thir 

Ser 

Asn 

Asp 

Gly 
45.5 

Asp 

Pro 

Pro 

Wall 

Gly 

Lys 
12 O 

Asn 

Ser 

Wall 

Ile 

Trp 

Phe 

Ala 

Glu 

Ser 

Glin 

Glu 

Lieu 

Luell 

Luell 

Luell 
360 

Ser 

Glin 

Phe 

Thir 

Glin 
44 O 

Ala 

Gly 

Ala 

Phe 

Ser 

Arg 

Wall 

Asn 

Ser 

Asp 

Tyr 
185 

Ser 

His 

Ile 

Asp 
265 

Gly 

Asn 

Gly 

Glu 

Met 
345 

Wall 

Thir 

Wall 

Asp 

Luell 
425 

Luell 

Thir 

Phe 

Ser 
505 

Ala 

His 

Lys 

Asp 

Asp 

Ser 
17O 

Ile 

Asp 

Asn 

Asp 

Glu 
250 

Phe 

Arg 

Luell 

Asn 

Lys 
330 

Thir 

Thir 

Luell 

Met 

Ser 

Arg 

Thir 

Ala 

Glu 
490 

Wall 

Trp 

Pro 

Luell 

Luell 

Gly 
155 

Ile 

Asp 

Wall 

Luell 
235 

Thir 

Asp 

His 

ASn 

Tyr 
315 

Asp 

Thir 

Luell 

Asp 
395 

Arg 

Ile 

Glin 

Trp 

ASn 

Gly 

Ile 

Luell 
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Asp 

Glu 
14 O 

Thir 

Arg 

Arg 

Glin 

Lys 
22O 

Ile 

Asn 

Ala 

Lell 

Ser 
3 OO 

Thr 

Pro 

His 

His 

Met 

Ser 

Wall 

Glin 

Asn 

Wall 
460 

Arg 

Ala 

Glu 

Asn 

Phe 
125 

Asn 

Glin 

Phe 

Ile 

Wall 

Pro 

Arg 

Lell 

Lell 

Ile 
285 

Glin 

Thr 

Thir 

Lell 

His 
365 

Ser 

Lell 

Ser 

His 

Lell 
445 

Pro 

His 

Ser 

Ser 

Ser 
525 

Ser 

Thir 

Arg 

Asp 

Met 
19 O 

Glin 

Glin 

Ala 

Asn 
27 O 

Thir 

Asp 

Luell 

Glin 

Luell 
35. O 

Trp 

Asp 

Luell 

Ala 

Luell 
43 O 

Wall 

Pro 

Glu 

Glin 

Gly 

Asn 

Pro 

Gly 

Glu 

Ser 

Ala 

Phe 

Thir 

Luell 

Arg 

Luell 
255 

Thir 

Asp 

Met 

Lys 
335 

Asp 

Gly 

Ala 

Trp 

Asp 
415 

Ala 

Asn 

Gly 

Gly 

Luell 
495 

Trp 

Pro 

Ser 

Trp 

Met 

Ile 
160 

Pro 

Ser 

Arg 

Pro 

Luell 
24 O 

Glu 

His 

Glin 

Phe 
32O 

Ala 

Glin 

Luell 

Tyr 
4 OO 

Ser 

Luell 

Thir 

Gly 

Asn 

Ile 

Asn 

Glu 

Luell 

34 



Lys 
5.45 

Ser 

Thir 

Ser 

His 

Wall 
625 

Glin 

Glin 

Thir 

Thir 

Glu 
7 Os 

Lell 

Ala 

Thir 

Tyr 

Asn 

His 

Phe 

Met 
865 

Lell 

Ala 
945 

53 O 

Ser 

Pro 

Glin 

Luell 

Arg 
610 

Trp 

Ser 

Gly 

Thir 

Luell 
69 O. 

Gly 

Glu 

Asp 

Asn 

Luell 
770 

Glin 

Gly 

Glin 

Ser 

Glu 
850 

Ala 

Asp 

Tyr 

Wall 

Ile 
93 O 

Ala 

Wall 

Asp 

Asn 

Pro 
595 

Trp 

Ser 

His 

Tyr 

Ile 
675 

Met 

Glin 

Arg 

Asn 

Lys 

Asn 

Thir 

Tyr 

Wall 

Ser 
835 

Tyr 

Glin 

Ala 

Asn 
915 

Wall 

Thir 

Ala 

Glu 

Glin 

Glin 

Ser 

Gly 

Glin 
660 

His 

Glin 

Tyr 

Phe 

His 
740 

Asn 

Thir 

Thir 

Luell 

Ser 

Ala 

Met 

Asp 

Phe 
9 OO 

Ser 

Pro 

Glin 

Thir 
565 

Ser 

Gly 

Asp 

Glu 

Wall 
645 

Glin 

Lell 

Arg 

Gly 

Asp 
725 

Lell 

Wall 

Lell 

Lell 

Ile 
805 

Ala 

Trp 

Wall 

Phe 

Wall 
885 

Tyr 

Pro 

Ala 

Wall 

Gly 
550 

Lell 

Thir 

Phe 

Ile 
630 

Ala 

Glu 

Pro 

Gly 

Met 

Pro 

Ile 

Glu 

Trp 

Glin 
79 O 

Thir 

Glu 

Ile 

Phe 

Arg 

His 

Glin 

Ala 

Wall 

Thir 
950 

35 

535 

Tyr 

Ala 

Ala 

Met 
615 

Glin 

Gly 

Lell 

Glu 
695 

Met 

Asn 

Phe 

Thir 

Ile 
775 

Glin 

Glin 

Asn 

Asp 

Lell 
855 

Glu 

Ile 

Pro 

Ile 

Thir 
935 

Ile 

Ser 

Ile 

Ala 

Wall 

Asn 

Ile 

Trp 

Lys 

Arg 

Ala 

Phe 

Ile 

Thir 
760 

Asn 

Gly 

Ala 

His 
84 O 

Asp 

Asn 

Ile 

Ala 

Wall 
92 O 

Pro 

Asn 

Trp 

Ile 

Phe 
585 

Phe 

Thir 

Wall 

Asp 
665 

Asp 

Gly 

Phe 

Thir 

Gly 
74. 

Luell 

Gly 

Asp 

Glu 

Asn 
825 

Ser 

Ala 

Asn 

Luell 

Ser 
905 

Met 

Asp 

Wall 

Luell 

Tyr 
st O 

Gly 

Asn 

Luell 

Asp 

Ser 
650 

Trp 

Luell 

Phe 

Asp 

Ala 
730 

Ser 

Phe 

Glin 

Trp 

Lys 
810 

Arg 

Thir 

Thir 

Gly 

Asp 
890 

Ile 

Thir 

Luell 

Thir 

Ala 
555 

Luell 

Glu 

Gly 

Lys 

ASn 
635 

ASn 

ASn 

Asp 

Ser 

Luell 

ASn 

Glin 

Lys 

Luell 
79. 

Wall 

Glin 

Arg 

Pro 

Luell 
87s 

Glu 

His 

ASn 

Ile 
955 
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54 O 

Met 

Ala 

Thir 

Gly 

Ala 

Arg 

Gly 

Arg 

Ser 

Gly 
7 OO 

Ile 

Ile 

His 

Ile 

Ile 

Asn 

Pro 

Pro 

Glu 
860 

Tyr 

Lell 

Asp 

Arg 

Met 
94 O 

Asn 

Ser 

Ile 

Ile 

Ala 
605 

Ser 

Met 

Pro 
685 

Thir 

Ser 

Asn 

Ala 
765 

Glu 

Asp 

Wall 

Thir 

Lys 
845 

Glin 

Ser 

Glin 
925 

Thir 

Gly 

Ala 

Ser 

Thir 
59 O 

Phe 

Asn 

Gly 

Glin 

Pro 
67 O 

Ser 

Pro 

Wall 

Ser 
7 O 

Ile 

Asn 

Ser 

Ser 

Glu 
83 O 

Asp 

Met 

Wall 

Asn 

Trp 
91 O 

Asp 
sts 

Pro 

Gly 

Thir 

Arg 

Luell 
655 

Gly 

Pro 

Ser 

Ala 

Luell 
735 

Ser 

Thir 

Met 

Asn 

Arg 
815 

Gly 

Ala 

Gly 

Luell 

Wall 
895 

Ile 

Asp 

Glin 

Trp 

Ser 
560 

Ala 

Ile 

Asn 

Tyr 
64 O 

Ser 

Ala 

His 

Luell 

Asn 

Ala 

Asp 

Pro 

Pro 

Gly 

Glin 

Asn 

Ser 

Glu 

Arg 

Thir 

Thir 

Glin 
96.O 

36 
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- Continued 

Ser Ala Asp Lys Asn. Ser Glu Val Lys Tyr Glin Val Ser Gly Asp Asn 
965 97O 97. 

Thr Glu Lieu. Thr Phe Thir Ser Tyr Phe Gly Ile Pro Glin Glu Ile Llys 
98O 985 99 O 

Lieu. Ser Pro Lieu Pro Ala Cys Arg Asp Ala Thr His Glu Arg Ala Pro 
995 1OOO 1005 

Glu Thir Ile Cys Ser Ile Asn. Cys Cys Asn. Phe Ile Asp Glu Asn 
1010 1015 1 O2O 

Thir Ile Ala Lieu. 
1025 

<210s, SEQ ID NO 6 
&211s LENGTH: 1027 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: CHONDROITINASE ABCI 

<4 OOs, SEQUENCE: 6 

Ala Thr Ser Asn Pro Ala Phe Asp Pro Lys Asn Lieu Met Glin Ser Glu 
1. 5 1O 15 

Ile Tyr His Phe Ala Glin Asn. Asn. Pro Lieu Ala Asp Phe Ser Ser Asp 
2O 25 3O 

Lys Asn. Ser Ile Lieu. Thir Lieu. Ser Asp Lys Arg Ser Ile Met Gly Asn 
35 4 O 45 

Gln Ser Lieu. Leu Trp Llys Trp Lys Gly Gly Ser Ser Phe Thr Lieu. His 
50 55 60 

Llys Llys Lieu. Ile Val Pro Thr Asp Llys Glu Ala Ser Lys Ala Trp Gly 
65 70 7s 8O 

Arg Ser Ser Thr Pro Val Phe Ser Phe Trp Leu Tyr Asn Glu Lys Pro 
85 90 95 

Ile Asp Gly Tyr Lieu. Thir Ile Asp Phe Gly Glu Lys Lieu. Ile Ser Thr 
1OO 105 11 O 

Ser Glu Ala Glin Ala Gly Phe Llys Val Lys Lieu. Asp Phe Thr Gly Trp 
115 12 O 125 

Arg Thr Val Gly Val Ser Lieu. Asn. Asn Asp Lieu. Glu Asn Arg Glu Met 
13 O 135 14 O 

Thr Lieu. Asn Ala Thr Asn Thr Ser Ser Asp Gly Thr Glin Asp Ser Ile 
145 150 155 160 

Gly Arg Ser Lieu. Gly Ala Lys Val Asp Ser Ile Arg Phe Lys Ala Pro 
1.65 17O 17s 

Ser Asn Val Ser Glin Gly Glu Ile Tyr Ile Asp Arg Ile Met Phe Ser 
18O 185 19 O 

Val Asp Asp Ala Arg Tyr Glin Trp Ser Asp Tyr Glin Val Lys Thr Arg 
195 2OO 2O5 

Lieu. Ser Glu Pro Glu Ile Glin Phe His Asn Val Llys Pro Glin Leu Pro 
21 O 215 22O 

Val Thr Pro Glu Asn Lieu Ala Ala Ile Asp Lieu. Ile Arg Glin Arg Lieu 
225 23 O 235 24 O 

Ile Asin Glu Phe Val Gly Gly Glu Lys Glu Thir Asn Lieu Ala Lieu. Glu 
245 250 255 

Glu Asn. Ile Ser Llys Lieu Lys Ser Asp Phe Asp Ala Lieu. Asn. Thir His 
26 O 265 27 O 

Thir Lieu Ala Asn Gly Gly Thr Glin Gly Arg His Lieu. Ile Thir Asp Llys 
27s 28O 285 

38 
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Glu Gly Glin Tyr Gly Met Met Ala Phe Asp Lieu. Ile Tyr Pro Ala Asn 
7 Os 71O 71s 72O 

Lieu. Glu Arg Phe Asp Pro Asn. Phe Thr Ala Lys Llys Ser Val Lieu Ala 
72 73 O 73 

Ala Asp Asn His Lieu. Ile Phe Ile Gly Ser Asn. Ile Asn. Ser Ser Asp 
740 74. 7 O 

Lys Asn Lys Asn Val Glu Thir Thr Lieu Phe Gln His Ala Ile Thr Pro 
7ss 760 765 

Thr Lieu. Asn Thr Lieu. Trp Ile Asin Gly Glin Lys Ile Glu Asn Met Pro 
770 775 78O 

Tyr Glin Thir Thir Lieu. Glin Glin Gly Asp Trp Lieu. Ile Asp Ser Asn Gly 
78s 79 O 79. 8OO 

Asn Gly Tyr Lieu. Ile Thr Glin Ala Glu Lys Val Asn. Wal Ser Arg Glin 
805 810 815 

His Glin Val Ser Ala Glu Asn Lys Asn Arg Glin Pro Thr Glu Gly Asn 
82O 825 83 O 

Phe Ser Ser Ala Trp Ile Asp His Ser Thr Arg Pro Lys Asp Ala Ser 
835 84 O 845 

Tyr Glu Tyr Met Val Phe Lieu. Asp Ala Thr Pro Glu Lys Met Gly Glu 
850 855 860 

Met Ala Glin Llys Phe Arg Glu Asn. Asn Gly Lieu. Tyr Glin Val Lieu. Arg 
865 87O 87s 88O 

Lys Asp Lys Asp Wal His Ile Ile Lieu. Asp Llys Lieu. Ser Asn Val Thr 
885 890 895 

Gly Tyr Ala Phe Tyr Glin Pro Ala Ser Ile Glu Asp Llys Trp Ile Llys 
9 OO 905 91 O 

Llys Val Asn Llys Pro Ala Ile Val Met Thr His Arg Gln Lys Asp Thr 
915 92 O 925 

Lieu. Ile Val Ser Ala Val Thr Pro Asp Lieu. Asn Met Thr Arg Glin Lys 
93 O 935 94 O 

Ala Ala Thr Pro Val Thr Ile Asin Val Thir Ile Asn Gly Llys Trp Glin 
945 950 955 96.O 

Ser Ala Asp Lys Asn. Ser Glu Val Lys Tyr Glin Val Ser Gly Asp Asn 
965 97O 97. 

Thr Glu Lieu. Thr Phe Thir Ser Tyr Phe Gly Ile Pro Glin Glu Ile Llys 
98O 985 99 O 

Lieu. Ser Pro Lieu Pro Ala Cys Arg Asp Ala Thr His Glu Arg Ala Pro 
995 1OOO 1005 

Glu Thir Ile Cys Ser Ile Asn. Cys Cys Asn. Phe Ile Asp Glu Asn 
1010 1015 1 O2O 

Thir Ile Ala Lieu. 
1025 

<210s, SEQ ID NO 7 
&211s LENGTH: 1027 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: CHONDROITINASE ABCI 

<4 OO > SEQUENCE: 7 

Ala Thr Ser Asn Pro Ala Phe Asp Pro Lys Asn Lieu Met Glin Ser Glu 
1. 5 1O 15 

Ile Tyr His Phe Ala Glin Asn. Asn. Pro Lieu Ala Asp Phe Ser Ser Asp 
2O 25 3O 



Glin 

Lys 
65 

Arg 

Ile 

Ser 

Arg 

Thir 
145 

Gly 

Ser 

Wall 

Lell 

Wall 
225 

Ile 

Glu 

Thir 

Glin 

Lell 
3. OS 

Asn 

Glin 

Gly 

Ser 

Lys 
385 

Ser 

Ser 

Lell 

Phe 

Asn 

Ser 
SO 

Ser 

Asp 

Glu 

Thir 
13 O 

Luell 

Arg 

Asn 

Asp 

Ser 
21 O 

Thr 

Asn 

Asn 

Luell 

Ile 
29 O 

Phe 

Ile 

Luell 

Phe 

Ser 
37 O 

Glu 

Arg 

Asp 

Luell 

Ser 

Ser 
35 

Luell 

Luell 

Ser 

Gly 

Ala 
115 

Wall 

Asn 

Ser 

Wall 

Asp 
195 

Glu 

Pro 

Glu 

Ile 

Ala 

Ile 

Asp 

Ser 

Wall 
355 

Arg 

Ala 

Glu 

Luell 

Luell 
435 

His 

Ile 

Luell 

Ile 

Thir 

Tyr 

Glin 

Gly 

Ala 

Luell 

Ser 
18O 

Ala 

Pro 

Glu 

Phe 

Ser 
26 O 

Asn 

Ile 

Asn 

Arg 

Glin 
34 O 

Trp 

Asn 

Phe 

Asp 
42O 

Glu 

Tyr 

Lell 

Trp 

Wall 

Pro 
85 

Lell 

Ala 

Wall 

Thir 

Gly 
1.65 

Glin 

Arg 

Glu 

Asn 

Wall 
245 

Lys 

Gly 

Tyr 

Tyr 

Ala 
3.25 

Met 

Gly 

Trp 

Lell 

Lys 
4 OS 

Tyr 

Pro 

Ile 

Thir 

Pro 
70 

Wall 

Thir 

Gly 

Ser 

Asn 
150 

Ala 

Gly 

Ile 

Lieu 
23 O 

Gly 

Lell 

Gly 

Glin 

Wall 
310 

Ser 

Glin 
390 

Ser 

Phe 

Asp 

Thir 

43 

Lell 

Trp 
55 

Thir 

Phe 

Ile 

Phe 

Lell 
135 

Thir 

Glu 

Glin 

Glin 
215 

Ala 

Gly 

Thir 

Pro 
295 

Ile 

Wall 

Lell 

Ala 

Ile 
375 

Thir 

Ser 

Asn 

Asp 

Gly 

Ser 
4 O 

Asp 

Ser 

Asp 

Lys 
12 O 

Asn 

Ser 

Wall 

Ile 

Trp 

Phe 

Ala 

Glu 

Ser 

Glin 

Glu 

Luell 

Luell 

Luell 

Luell 
360 

Ser 

Glin 

Phe 

Thir 

Glin 
44 O 

Ala 

Asp 

Gly 

Phe 

Phe 
105 

Wall 

Asn 

Ser 

Asp 

Tyr 
185 

Ser 

His 

Ile 

Asp 
265 

Gly 

Asn 

Gly 

Glu 

Met 
345 

Wall 

Thir 

Wall 

Asp 

Luell 
425 

Luell 

Gly 

Glu 

Trp 
90 

Gly 

Asp 

Asp 

Ser 
17O 

Ile 

Asp 

Asn 

Asp 

Glu 
250 

Phe 

Arg 

Luell 

Asn 

Lys 
330 

Thir 

Thir 

Luell 

Met 
41O 

Ser 

Thir 

Arg 

Ser 

Ala 

Luell 

Glu 

Luell 

Luell 

Gly 
155 

Ile 

Asp 

Wall 

Lieu. 
235 

Thir 

Asp 

His 

ASn 

Tyr 
315 

Asp 

Thir 

Luell 

Asp 
395 

Arg 

Ile 

Glin 

US 9,402,886 B2 
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Ser 

Ser 
6 O 

Ser 

Asp 

Glu 
14 O 

Thir 

Arg 

Arg 

Glin 

Lys 
22O 

Ile 

Asn 

Ala 

Lell 

Ser 
3 OO 

Thir 

Pro 

His 

His 

Met 

Ser 

Wall 

Glin 

Asn 

Wall 

Ile 
45 

Phe 

Asn 

Lell 

Phe 
125 

Asn 

Glin 

Phe 

Ile 

Wall 

Pro 

Arg 

Lell 

Lell 

Ile 
285 

Glin 

Thir 

Thir 

Lell 

His 
365 

Ser 

Lell 

Ser 

His 

Lell 
445 

Pro 

Met 

Thir 

Ala 

Glu 

Ile 
11 O 

Thir 

Arg 

Asp 

Met 
19 O 

Glin 

Gln 

Ala 

Asn 
27 O 

Thir 

Asp 

Luell 

Glin 

Luell 
35. O 

Trp 

Asp 

Luell 

Ala 

Luell 
43 O 

Wall 

Pro 

Gly 

Luell 

Trp 

Lys 
95 

Ser 

Gly 

Glu 

Ser 

Ala 

Phe 

Thir 

Luell 

Arg 

Luell 
255 

Thir 

Asp 

Met 

Lys 
335 

Asp 

Gly 

Ala 

Trp 

Asp 
415 

Ala 

Asn 

Gly 

Asn 

His 

Gly 

Pro 

Thir 

Trp 

Met 

Ile 
160 

Pro 

Ser 

Arg 

Pro 

Lieu 
24 O 

Glu 

His 

Glin 

Phe 
32O 

Ala 

Glin 

Luell 

Tyr 
4 OO 

Ser 

Luell 

Thir 

Gly 

44 



Lys 
465 

Ser 

Wall 

Lys 
5.45 

Ser 

Thir 

Ser 

His 

Wall 
625 

Glin 

Glin 

Thir 

Thir 

Glu 
7 Os 

Lell 

Ala 

Thir 

Tyr 
78s 

Asn 

His 

Phe 

Met 
865 

450 

Asp 

Pro 

Luell 

Luell 

Gly 
53 O 

Ser 

Pro 

Glin 

Luell 

Arg 
610 

Trp 

Ser 

Gly 

Thir 

Luell 
69 O. 

Gly 

Glu 

Asp 

Asn 

Luell 
770 

Glin 

Gly 

Glin 

Ser 

Glu 
850 

Ala 

Gly 

Gly 

Luell 

Lys 
515 

Luell 

Wall 

Asp 

Asn 

Pro 
595 

Trp 

Ser 

His 

Ile 
675 

Met 

Glin 

Arg 

Asn 

Lys 

Asn 

Thir 

Wall 

Ser 
835 

Glin 

Luell 

Arg 
SOO 

Pro 

Ala 

Glu 

Glin 

Glin 

Ser 

Gly 

Glin 
660 

His 

Glin 

Phe 

His 
740 

Asn 

Thir 

Thir 

Luell 

Ser 

Ala 

Met 

Lys 

Arg 

Ser 
485 

Asp 

Ala 

Lell 

Glin 

Thir 
565 

Ser 

Gly 

Asp 

Glu 

Wall 
645 

Glin 

Lell 

Arg 

Gly 

Asp 
72 

Lell 

Wall 

Lell 

Lell 

Ile 
805 

Ala 

Trp 

Wall 

Phe 

Pro 
470 

Phe 

Thir 

Met 

Ala 

Gly 
550 

Lell 

Thir 

Phe 

Ile 
630 

Ala 

Glu 

Pro 

Gly 

Met 

Pro 

Ile 

Glu 

Trp 

Glin 
79 O 

Thir 

Glu 

Ile 

Phe 

Arg 
87O 

45 

45.5 

Asp 

Pro 

Pro 

Wall 

Gly 
535 

Ala 

Ala 

Met 
615 

Glin 

Gly 

Lell 

Glu 
695 

Met 

Asn 

Phe 

Thir 

Ile 
775 

Glin 

Glin 

Asn 

Asp 

Lell 
855 

Glu 

Gly 

Ala 

Phe 

Ser 

Arg 

Ser 

Ile 

Ala 

Wall 

Asn 

Ile 

Trp 

Lys 

Arg 

Ala 

Phe 

Ile 

Thir 
760 

Asn 

Gly 

Ala 

His 
84 O 

Asp 

Asn 

Thir 

Phe 

Ser 
505 

Ala 

His 

Trp 

Ile 

Phe 
585 

Phe 

Thir 

Wall 

Asp 
665 

Asp 

Gly 

Phe 

Thir 

Gly 
74. 

Luell 

Gly 

Asp 

Glu 

Asn 
825 

Ser 

Ala 

Asn 

Ala 

Lys 
490 

Wall 

Trp 

Pro 

Luell 

Tyr 
st O 

Gly 

Asn 

Luell 

Wall 

Ser 
650 

Trp 

Luell 

Phe 

Asp 

Ala 
73 O 

Ser 

Phe 

Glin 

Trp 

Lys 
810 

Arg 

Thir 

Thir 

Gly 

Trp 

ASn 

Gly 

Ile 

Luell 

Ala 
555 

Luell 

Glu 

Gly 

ASn 
635 

ASn 

ASn 

Asp 

Ser 

Luell 

ASn 

Glin 

Luell 
79. 

Wall 

Glin 

Arg 

Pro 

Luell 
87s 
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460 

Arg 

Ala 

Glu 

Asn 
54 O 

Met 

Ala 

Thir 

Gly 

Ala 

Arg 

Gly 

Arg 

Ser 

Gly 
7 OO 

Ile 

Ile 

His 

Ile 
78O 

Ile 

Asn 

Pro 

Pro 

Glu 
860 

His 

Ser 

Ser 

Ser 
525 

Ser 

Ser 

Ile 

Ile 

Ala 
605 

Ser 

Met 

Pro 
685 

Thir 

Ser 

Asn 

Ala 
765 

Glu 

Asp 

Wall 

Thir 

Lys 
845 

Glin 

Glu 

Glin 

Gly 

Asn 

Pro 

Ala 

Ser 

Thir 
59 O 

Phe 

Asn 

Gly 

Glin 

Pro 
67 O 

Ser 

Pro 

Wall 

Ser 
7 O 

Ile 

Asn 

Ser 

Ser 

Glu 
83 O 

Asp 

Met 

Wall 

Gly 

Luell 
495 

Trp 

Pro 

Ser 

Asp 
sts 

Pro 

Gly 

Thir 

Arg 

Luell 
655 

Gly 

Pro 

Ser 

Ala 

Luell 
73 

Ser 

Thir 

Met 

Asn 

Arg 
815 

Gly 

Ala 

Gly 

Luell 

Asn 

Ile 

Asn 

Glu 

Luell 

Ser 
560 

Ala 

Ile 

Asn 

Tyr 
64 O 

Ser 

Ala 

His 

Luell 

Asn 

Ala 

Asp 

Pro 

Pro 

Gly 

Glin 

Asn 

Ser 

Glu 

Arg 
88O 

46 



Lell 

Ala 
945 

Ser 

Thir 

Lell 

Glu 

Thir 

Asp 

Wall 

Ile 
93 O 

Ala 

Ala 

Glu 

Ser 

Thir 
1010 

Ile 
1025 

Ala 

Asn 
915 

Wall 

Thir 

Asp 

Luell 

Pro 
995 

Ile Cys Ser Ile Asn 

Al 

Asp Val 
885 

Phe Tyr 
9 OO 

Llys Pro 

Ser Ala 

Pro Wall 

Lys Asn 
965 

Thir Phe 
98O 

Leul Pro 

a Luell 

<210s, SEQ ID NO 8 
&211s LENGTH: 2994 
&212s. TYPE: DNA 

<213> ORGANISM: Proteus vulgaris 

<4 OOs, SEQUENCE: 8 

gccaccagca atcctgcatt 

gcacaaaata 

gataaacgta 

tt tact titac 

cgct catcca 

cittact at cq 

gtaaaattag 

aatcgagaga 

gggcgttctt 

Cagggtgaaa 

tctgattatc 

CCaCaactac 

attaatgaat 

aaattaaaaa. 

ggcaga catc 

caagataaac 

aat attagcc 

atgtactitat 

gtgacaac cc 

tctgatgcac 

acc cattagc 

gcattatggg 

ataaaaaact 

ccc.ccgttitt 

attitcggaga 

attt cactgg 

tgacct taaa 

taggtgctaa 

tctatat cqa 

aagtaaaaac 

ctgtaacacc 

ttgtcggagg 

gtgattitcga 

tgat cactga 

aac tatttga 

gtgctitatgt 

taatgacaaa 

at Cactgggg 

taaaagaa.gc 

His 

Glin 

Ala 

Wall 

Thir 
950 

Ser 

Thir 

Ala 

47 

Ile 

Pro 

Ile 

Thir 
935 

Ile 

Glu 

Ser 

Cys 

Ile 

Ala 

Wall 
92 O 

Pro 

Asn 

Wall 

Tyr 

Luell 

Ser 
905 

Met 

Asp 

Wall 

Lys 

Phe 
985 

Asp 
890 

Ile 

Thir 

Luell 

Thir 

Tyr 
97O 

Gly 

Glu 

His 

ASn 

Ile 
955 

Glin 

Ile 

US 9,402,886 B2 
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Lell 

Asp 

Arg 

Met 
94 O 

Asn 

Wall 

Pro 

Ser 

Glin 
925 

Thir 

Gly 

Ser 

Glin 

Asn 

Trp 
91 O 

Gly 

Glu 
99 O 

Wall. Thir 
895 

Ile Llys 

Asp Thr 

Gln Lys 

Trp Glin 
96.O 

Asp Asn 
97. 

Ile Llys 

Arg Asp Ala Thr His Glu Arg Ala Pro 
1005 

Cys Cys Asn Phe Ile 
1015 

tgatcctaaa 

agacittctica 

aalaccalat Ct 

gattgtc.ccc 

ct cattttgg 

aaaacticatt 

Ctggcgtact 

tgcaaccaat 

agt catagt 

ccg tattatg 

tcqctitat ca 

tgaaaattta 

tgaaaaagag 

tgct cittaat 

taaacaaatc. 

taattatgtt 

gctggaaaaa 

gcatttatta 

atacagttct 

gaacctacaa 

aatctgatgc 

t cagataaaa 

cittittatgga 

accgataaag 

Ctttacaatg 

t caac cagtg 

gtgggagtict 

acctic ct citg 

att cqttitta 

ttittctgtcg 

gaacctgaaa 

gcggc cattg 

acaaacct cq 

act Cacactt 

attatttatc. 

attittaggta 

gatcc cacac 

gat Caaggct 

cgttggtggit 

act caagttt 

agt cagaaat 

act Caatact 

aatggaaagg 

aag catctaa 

aaaaaccoat 

aggct Caggc 

Ctttaaataa. 

atgg tactica 

aag.cgcc titc 

atgatgctcg 

ttcaattitca 

atc.ttattog 

Cattagalaga 

tagcaaatgg 

alaccagagaa 

attacacgac 

aaaaggcgca 

ttgttaaagg 

at atttcCaC 

atgatt catt 

Asp Glu Asn 

ttaccattitt 

aacgittatct 

tgg tagtagc 

agcatgggga 

tgatggittat 

aggctittaaa 

cgatcttgaa 

agacagcatt 

taatgtgagt 

ctaccaatgg 

Caacgtaaag 

c caacgt.cta 

gaat atcagc 

tggaacgcaa. 

totta actict 

attaatgttt 

actaaag.ca.g 

gagtgctitta 

gtt attaatg 

actgtggitat 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

114 O 

12 OO 

48 





Lys 
65 

Arg 

Ile 

Ser 

Arg 

Thir 
145 

Gly 

Ser 

Wall 

Lell 

Wall 
225 

Ile 

Glu 

Thir 

Glin 

Lell 
3. OS 

Asn 

Glin 

Gly 

Ser 

Lys 
385 

Ser 

Ser 

Lell 

Phe 

Lys 
465 

Ser 

Asp 

Glu 

Thir 
13 O 

Luell 

Arg 

Asn 

Asp 

Ser 
21 O 

Thir 

Asn 

Asn 

Luell 

Ile 
29 O 

Phe 

Ile 

Luell 

Phe 

Ser 
37 O 

Glu 

Arg 

Asp 

Luell 

Ser 

450 

Asp 

Luell 

Ser 

Gly 

Ala 
115 

Wall 

Asn 

Ser 

Wall 

Asp 
195 

Glu 

Pro 

Glu 

Ile 

Ala 

Ile 

Asp 

Ser 

Wall 
355 

Arg 

Ala 

Glu 

Luell 

Luell 

435 

His 

Gly 

Ile 

Thir 

Tyr 

Glin 

Gly 

Ala 

Luell 

Ser 
18O 

Ala 

Pro 

Glu 

Phe 

Ser 
26 O 

Asn 

Ile 

Asn 

Arg 

Glin 
34 O 

Trp 

Asn 

Phe 

Asp 
42O 

Glu 

Luell 

Wall 

Pro 
85 

Lell 

Ala 

Wall 

Thir 

Gly 
1.65 

Glin 

Arg 

Glu 

Asn 

Wall 
245 

Lys 

Gly 

Tyr 

Tyr 

Ala 
3.25 

Met 

Gly 

Trp 

Lell 

Lys 
4 OS 

Tyr 

Pro 

Ile 

Arg 

Pro 
70 

Wall 

Thir 

Gly 

Ser 

Asn 
150 

Ala 

Gly 

Ile 

Lell 
23 O 

Gly 

Lell 

Gly 

Glin 

Wall 
310 

Ser 

Glin 
390 

Ser 

Phe 

Asp 

Thir 

Pro 

470 

51 

Thir 

Phe 

Ile 

Phe 

Lell 
135 

Thir 

Glu 

Glin 

Glin 
215 

Ala 

Gly 

Thir 

Pro 
295 

Ile 

Wall 

Lell 

Ala 

Ile 
375 

Thir 

Ser 

Asn 

Asp 

Gly 
45.5 

Asp 

Asp 

Ser 

Asp 

Lys 
12 O 

Asn 

Ser 

Wall 

Ile 

Trp 

Phe 

Ala 

Glu 

Ser 

Glin 

Glu 

Luell 

Luell 

Luell 

Luell 
360 

Ser 

Glin 

Phe 

Thir 

Glin 
44 O 

Ala 

Gly 

Phe 

Phe 
105 

Wall 

Asn 

Ser 

Asp 

Tyr 
185 

Ser 

His 

Ile 

Asp 
265 

Gly 

Asn 

Gly 

Glu 

Met 
345 

Wall 

Thir 

Wall 

Asp 

Luell 

425 

Luell 

Thir 

Glu 

Trp 
90 

Gly 

Asp 

Asp 

Ser 
17O 

Ile 

Asp 

Asn 

Asp 

Glu 
250 

Phe 

Arg 

Luell 

Asn 

Lys 
330 

Thir 

Thir 

Luell 

Met 

41O 

Ser 

Thir 

Ala 

Ala 

Luell 

Glu 

Luell 

Luell 

Gly 
155 

Ile 

Asp 

Wall 

Luell 
235 

Thir 

Asp 

His 

ASn 

Tyr 
315 

Asp 

Thir 

Luell 

Asp 
395 

Arg 

Ile 

Glin 

Trp 
47s 
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Ser 

Asp 

Glu 
14 O 

Thir 

Arg 

Arg 

Glin 

Lys 
22O 

Ile 

Asn 

Ala 

Lell 

Ser 
3 OO 

Thir 

Pro 

His 

His 

Met 

Ser 

Wall 

Glin 

Asn 

Wall 
460 

Arg 

Lys 

Asn 

Lell 

Phe 
125 

Asn 

Glin 

Phe 

Ile 

Wall 

Pro 

Arg 

Lell 

Lell 

Ile 
285 

Glin 

Thir 

Thir 

Lell 

His 
365 

Ser 

Lell 

Ser 

His 

Lell 

445 

Pro 

His 

Ala 

Glu 

Ile 
11 O 

Thir 

Arg 

Asp 

Met 
19 O 

Glin 

Glin 

Ala 

Asn 
27 O 

Thir 

Asp 

Luell 

Glin 

Luell 
35. O 

Trp 

Asp 

Luell 

Ala 

Luell 

43 O 

Wall 

Pro 

Glu 

Trp 

Lys 
95 

Ser 

Gly 

Glu 

Ser 

Ala 

Phe 

Thir 

Luell 

Arg 

Luell 
255 

Thir 

Asp 

Met 

Lys 
335 

Asp 

Gly 

Ala 

Trp 

Asp 
415 

Ala 

Asn 

Gly 

Gly 

Gly 

Pro 

Thir 

Trp 

Met 

Ile 
160 

Pro 

Ser 

Arg 

Pro 

Luell 
24 O 

Glu 

His 

Glin 

Phe 
32O 

Ala 

Glin 

Luell 

Tyr 
4 OO 

Ser 

Luell 

Thir 

Gly 

Asn 

48O 

52 



Ser 

Wall 

Lys 
5.45 

Ser 

Thir 

Ser 

His 

Wall 
625 

Glin 

Glin 

Thr 

Thir 

Glu 
7 Os 

Lell 

Ala 

Thir 

Tyr 

Asn 

His 

Phe 

Met 
865 

Gly 

Pro 

Luell 

Luell 

Gly 
53 O 

Ser 

Pro 

Glin 

Luell 

Arg 
610 

Trp 

Ser 

Gly 

Thr 

Luell 
69 O. 

Gly 

Glu 

Asp 

Asn 

Luell 
770 

Glin 

Gly 

Glin 

Ser 

Glu 
850 

Ala 

Asp 

Gly 

Luell 

Lys 
515 

Luell 

Wall 

Asp 

Asn 

Pro 
595 

Trp 

Ser 

His 

Tyr 

Ile 
675 

Met 

Glin 

Arg 

Asn 

Lys 

Asn 

Thir 

Tyr 

Wall 

Ser 
835 

Tyr 

Glin 

Ala 

Tyr 

Arg 
SOO 

Pro 

Ala 

Glu 

Glin 

Glin 

Ser 

Gly 

Glin 
660 

His 

Glin 

Tyr 

Phe 

His 
740 

Asn 

Thir 

Thir 

Luell 

Ser 
82O 

Ala 

Met 

Asp 

Phe 

Ser 
485 

Asp 

Ala 

Lell 

Glin 

Thir 
565 

Ser 

Gly 

Asp 

Glu 

Wall 
645 

Glin 

Lieu 

Arg 

Gly 

Asp 
72 

Lell 

Wall 

Lell 

Lell 

Ile 
805 

Ala 

Trp 

Wall 

Phe 

Wall 
885 

Tyr 

Phe 

Thir 

Met 

Ala 

Gly 
550 

Lell 

Thir 

Phe 

Ile 
630 

Ala 

Glu 

Pro 

Gly 

Met 

Pro 

Ile 

Glu 

Trp 

Glin 
79 O 

Thir 

Glu 

Ile 

Phe 

Arg 

His 

Glin 

53 

Pro 

Pro 

Wall 

Gly 
535 

Ala 

Ala 

Met 
615 

Glin 

Gly 

Lieu 

Glu 
695 

Met 

Asn 

Phe 

Thir 

Ile 
775 

Glin 

Glin 

Asn 

Asp 

Lell 
855 

Glu 

Ile 

Pro 

Ala 

Phe 

Ser 

Arg 

Ser 

Ile 

Ala 

Wall 

Asn 

Ile 

Trp 

Lys 

Arg 

Ala 

Phe 

Ile 

Thir 
760 

Asn 

Gly 

Ala 

His 
84 O 

Asp 

Asn 

Ile 

Ala 

Phe 

Ser 
505 

Ala 

His 

Trp 

Ile 

Phe 
585 

Phe 

Thir 

Wall 

Asp 
665 

Asp 

Gly 

Phe 

Thir 

Gly 
74. 

Luell 

Gly 

Asp 

Glu 

Asn 
825 

Ser 

Ala 

Asn 

Luell 

Ser 

Lys 
490 

Wall 

Trp 

Pro 

Luell 

Tyr 
st O 

Gly 

Asn 

Luell 

Asp 

Ser 
650 

Trp 

Lieu 

Phe 

Asp 

Ala 
73 O 

Ser 

Phe 

Glin 

Trp 

Lys 
810 

Arg 

Thir 

Thir 

Gly 

Asp 
890 

Ile 

ASn 

Gly 

Ile 

Luell 

Ala 
555 

Luell 

Glu 

Gly 

Lys 

ASn 
635 

ASn 

ASn 

Asp 

Ser 

Luell 

ASn 

Glin 

Lys 

Luell 
79. 

Wall 

Glin 

Arg 

Pro 

Luell 

Glu 

US 9,402,886 B2 

- Continued 

Ala 

Glu 

Asn 
54 O 

Met 

Ala 

Thir 

Gly 

Ala 

Arg 

Gly 

Arg 

Ser 

Gly 
7 OO 

Ile 

Ile 

His 

Ile 

Ile 

Asn 

Pro 

Pro 

Glu 
860 

Lell 

Asp 

Ser 

Ser 

Ser 
525 

Ser 

Ser 

Ile 

Ile 

Ala 
605 

Ser 

Met 

Pro 
685 

Thir 

Ser 

Asn 

Ala 
765 

Glu 

Asp 

Wall 

Thir 

Lys 
845 

Glin 

Ser 

Glin 

Gly 

Asn 

Pro 

Ala 

Ser 

Thir 
59 O 

Phe 

Asn 

Gly 

Glin 

Pro 
67 O 

Ser 

Pro 

Wall 

Ser 
7 O 

Ile 

Asn 

Ser 

Ser 

Glu 
83 O 

Asp 

Met 

Wall 

Asn 

Trp 

Luell 
495 

Trp 

Pro 

Ser 

Asp 
sts 

Pro 

Gly 

Thir 

Arg 

Luell 
655 

Gly 

Pro 

Ser 

Ala 

Luell 
73 

Ser 

Thir 

Met 

Asn 

Arg 
815 

Gly 

Ala 

Gly 

Luell 

Wall 
895 

Ile 

Ile 

Asn 

Glu 

Luell 

Ser 
560 

Ala 

Ile 

Asn 

Tyr 
64 O 

Ser 

Ala 

His 

Luell 

Asn 

Ala 

Asp 

Pro 

Pro 

Gly 

Glin 

Asn 

Ser 

Glu 

Arg 

Thir 

54 



US 9,402,886 B2 
55 56 

- Continued 

9 OO 905 

Wall Ala Ile Wall 
92 O 

Met Thr Glin 
925 

Asn Pro 
915 

His Arg 

Ile 
93 O 

Wall Ala Wall. Thir 
935 

Asn Met 
94 O 

Lell Ser Pro Asp Lieu. Thir 

Ala 
945 

Ala Thr Wall. Thir 
950 

Ile Wall. Thir Ile Asn 
955 

Pro Asn Gly 

Ala Asn Ser Glu Wall Glin Wal Ser 
965 

Ser Asp Llys Tyr 
97O 

Thir Glu Thir Phe Thir Phe 
985 

Luell Ser Tyr Gly Ile Pro Gln 

Pro Leu Pro Ala 
995 

Luell Ser 
1OOO 

Glu Thir 
1010 

Ile Cys Ser Ile Asn 
1015 

Cys Cys Asn Phe Ile 
1 O2O 

Thir Ile 
1025 

Ala Lieu 

What is claimed is: 
1. A pharmaceutical composition comprising a therapeuti 

cally effective amount of mutant chondroitinase ABC I 
enzyme selected from the group consisting of SEQID NO: 1. 
SEQID NO: 2, SEQID NO:3, SEQID NO: 4, SEQID NO: 
5, SEQID NO: 6, and SEQID NO:7, and a pharmaceutically 
acceptable excipient. 

2. The pharmaceutical composition of claim 1, wherein the 
pharmaceutical composition comprises a therapeutically 
effective amount of mutant chondroitinase ABC I enzyme 
SEQID NO: 1, and a pharmaceutically acceptable excipient. 

3. The pharmaceutical composition of claim 1, wherein the 
pharmaceutical composition comprises a therapeutically 
effective amount of mutant chondroitinase ABC I enzyme 
SEQID NO: 2, and a pharmaceutically acceptable excipient. 

4. The pharmaceutical composition of claim 1, wherein the 
pharmaceutical composition comprises a therapeutically 
effective amount of mutant chondroitinase ABC I enzyme 
SEQID NO:3, and a pharmaceutically acceptable excipient. 

91 O 

Lys 

Arg 

Lys 

Gly 

Glu 
99 O 

25 

30 

35 

40 

Asp Thr 

Gln Lys 

Trp Glin 
96.O 

Asp Asn 
97. 

Ile Llys 

Cys Arg Asp Ala Thr His Glu Arg Ala Pro 
1005 

Asp Glu Asn 

5. The pharmaceutical composition of claim 1, wherein the 
pharmaceutical composition comprises a therapeutically 
effective amount of mutant chondroitinase ABC I enzyme 
SEQID NO: 4, and a pharmaceutically acceptable excipient. 

6. The pharmaceutical composition of claim 1, wherein the 
pharmaceutical composition comprises a therapeutically 
effective amount of mutant chondroitinase ABC I enzyme 
SEQID NO: 5, and a pharmaceutically acceptable excipient. 

7. The pharmaceutical composition of claim 1, wherein the 
pharmaceutical composition comprises a therapeutically 
effective amount of mutant chondroitinase ABC I enzyme 
SEQID NO: 6, and a pharmaceutically acceptable excipient. 

8. The pharmaceutical composition of claim 1, wherein the 
pharmaceutical composition comprises a therapeutically 
effective amount of mutant chondroitinase ABC I enzyme 
SEQID NO: 7, and a pharmaceutically acceptable excipient. 
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